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DESIGNED THIS NEW TRACTOR LINE ‘FROM THE GROUND FOR TECHNICAL DETAILS SEE PAGE 78 


@ DESIGN GUIDE FOR STAINLESS STEEL HONEYCOMB .. . page 67 
®@ WHAT TORQUE TO TENSION PLATED BOLTS? . .. page 73 
@ QUICK-REVERSE ELECTRIC MOTORS ... page 84 














ew Wiper-Scraper Seal for Cylinders 


Scrapes 


Ni 


off ice, mud, tar — wipes off water, dust, other contaminants 


Chicago Rawhide’s SC Wiper- {scraper and wiper Design- 
Seal combines a spring brass sc1 ow, assembly simple. M 
thetic rubber wiping member nt is the performance contributior 


he cylinder The additional value 
under shaft si to provide a snug r packing life and increased operatir 
t will remove tar or frozen mud, but lepen 


t 


lability with the SC Wiper-Scrapet 


( 
has sufficient Seal far outweigh the nominal cost 
jerate anv off-center conditions 
' F omplete information, specifications 
xd such as caused by bearing “bore -slop 
and standard sizes, write for your copy of 


in any other C/R's new Bulletin SC-100 


I he ost is much lower tl 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


Oll SEAL DIVISION: 1237 ELSTON AVENUE * 


CHICAGO 22, ILLINOIS 
Offices in 55 principal cities 


See your telephone book 


In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., Brantford, Ontario 
Export Sales: Geon International Corp., Great Neck, New York 


. Shaft & End Face Seals « Sirvene 


or mec 


synthetic rubber) molded pliable parts 
I hanical leather cups, packings, boots « C/R Non-metal 


Gears 
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FEATURED: 


DEPARTMENTS DESIGN GUIDE: STAINLESS HONEYCOMB PANELS . . . D Y Potter 
INTERESTING TO NOTE 3 
COMING NEXT WEEK 4 
6 


Practical details for constructing the brazed sandwiches 


THE TORQUE NEEDED TO TENSION PLATED BOLTS ... V Stimpe! 
Basic is knowing the friction coefficient, and what affects it. 


DEVELOPMENTS TO WATCH 
WHAT'S NEW IN RESEARCH 9 
PROM WASHINGTON 13 | WHAT EVERY POTENTIAL ENGINEER SHOULD KNOW .. . P M Zall 
THE ENGINEERING WEEK 15 
POINTS OF VIEW 24 
READER TO EDITOR 28 HOW GOOD ARE RANDOM-WAVE VIBRATION TESTS? . . . C G Stradling 
MEETINGS 29 Author says they’re inferior to sine-wave tests. Here’s why. 


This summary will help when you’re called on for advice 


FY! PERSONAL 32 
HORIZONS 65 
PRODUCT DESIGNS 78 


SIGNIFICANT COMPONENTS 92 | WHEN WAS THAT PATENT ISSUED? . . . G Szekely 
DESIGN LITERATURE 109 Start with the patent number, then use this table 
REPRINTS 
ADVERTISERS INDEX ONE SPRING RETURNS THE HAND LEVER ... | Kasper 
READER SERVICE CARDS Six more designs; others appeared in the Nov 21 issue 


REVERSING ELECTRIC MOTORS ... A K Das Gupta 


The why and how of adapting a motor to two-way operation 





FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Ferrous metals protected from molten alloys. 
Tests shows variations in surface cleanability. 


MECHANICAL: High-speed printer for high-quality reproduction 
Checkered bearings under test in USSR... ; 
Linear transducer measures deviations in thousandths. 


ELECTRICAL: Supercold gives superconductance of “no-loss” motor 
New tachometer and transducer designed in Britain. 
Hi-temp thermocouples bend to fit test parts 
Miniature digital readout projects figures onto Lucite screen. 


PRODUCT DESIGNS: Tractor adjusts itself to farm work 
Moving truck generates eddy currents for self-braking. .. 
Hydraulic valves also serve as own manifold. 


PROCESSES: Low-cost process promises high-quality lubes. 
Wet-deposited carbon gives film for X-ray windows... 
Italian tool design swings to automatic controls. . 
British reject mass production as cure for machine-tool woes. 


GENERAL: Cover story—For this new tractor they “threw the book away”. 
Navy ditches designer of giant radiotelescope. 
Registration by mail for better engineering curricula. . 
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Why metals corrode...and how you can prevent it 


The corrosion is the 
instability of metals in their refined 
state. Metals tend to revert to their 
natural states through the processes 
ot corrosion. For example, when you 
analyze rust, you will find it is iron 
oxide. When you analyze natural iron 
ore, you find it, too, is iron oxide. Six 
forms of corrosion which can attack 
the equipment you design are: 


basi cause of 


1. General tarnishing or rusting with 
occasional perforations in highly af- 
fected areas 


2. Highly localized attack by pitting. 


38. Cracking induced by a combination 
of stress and corrosion. 


4. Corrosion confined to crevices, under 
gaskets, or washers, or in sockets. 

5. Corrosion of one of an alloy’s con- 
stituents leaving a weak residue. 
6. Corrosion near the junction of two 
different metals. 

In all of the six forms of corrosion 
mentioned above, corrosion has the 
same mechanism. It’s similar 
to the electrochemical action in a dry 
} 


Cell. 


bask 


The electrolyte in the dry cell cor- 
responds to the corrosive media, 
which may be anything from the 
moisture in the air to the strongest 
alkali or acid. 


The plates of the battery correspond 
to the metal involved in corrosion 


A potential difference between 
these metals or different areas on the 
same metal causes electricity to flow 
between them through the electro- 
lyte and a metallic bridge or contact 
that completes the circuit. 


At the anode, a destructive altera 
or eating away of metal occurs 
when the positively charged atoms 
of metal detach from the solid sur 
face and enter the solution as ions. 


tion 


The corresponding negative 
charges, in the form of electrons, 
travel through the metal, through 
the metallic bridge, to the cathode. 


Briefly then, for corrosion to occur, 
there must first be a difference in 
potential between the metals or areas 
on the same piece of metal so that 
electricity will flow between them. 
Next, a release of electrons at the 
anode and a formation of metal ions 
through disintegration of metal at 
the anode. At the cathode, there must 
be a simultaneous acceptance of elec- 
trons. Action at the anode cannot go 
on alone, nor can action at the cathode. 





CONTROLLING CORROSION 
When corrosion because of 
the differences in electrical potential 
of dissimilar metals, it is known as 
galvanic action. Differences in poten- 
tial from point to point on a single 
metal surface causes corrosion known 
as local action. 


occurs 


When you plan against galvanic 
corrosion it is to know 
which metal in the couple will suffer 
accelerated corrosion will act as 
the anode in the corrosion reaction. 


essential 


The galvanic series table shown 
below can supply this information. 
In any couple, the metal near the top 
of this series will be the anode and 
suffer accelerated corrosion in a gal- 
vanic couple. The one nearer the bot- 
tom will be the cathode and remain 
free from attack or may corrode at a 
much slower rate. 





GALVANIC SERIES TABLE 


Magnesium 
Magnesium alloys 
. 


Zinc 

° 
Aluminum 25 

° 


Cadmium 
. 
Aluminum 17ST 
e 


Steel or Iron, Cast Iron 


° 
Chromium-iron (active) 
. 
Ni-Resist 
° 
18-8 Stainless (active) 
18-8-3 Stainless (active) 
° 


Lead-tin solders 
Lead, Tin 


. 
Nickel (active) 
Inconel* (active 
. 


Brasses, Copper, Bronzes 
Copper-nickel alloys, Monel 
° 


Silver solder 
. 
Nickel (passive 
Inconel (passive 
. 
Chromium-iron (passive) 
18-8 Stainless (passive) 
18-8-3 Stainless (passive) 
. 


Silver 


. 
Graphite, Gold, Platinum 











HOW TO USE THE CHART 
Notice how the metal grouped 
in the galvanic series table. Any 
metal in one group can be safely used 
with any other metal in the same 
group. However, when you start mix- 
ing metals from different groups, 
you may run into serious galvanic 
corrosion of the metal higher on the 
list. And the further apart these 
metals are listed, the worse this cor- 
rosion may be. 


are 


| 
| 


But, if you have to mix metals, pay 
particular attention to the electrical 
contact between them. Eliminate any 
metallic bridges or contacts of metal 
to metal that will permit the flow of 
electrons through them. You can do 
this by separating the metals physi- 
cally, or by using insulation or pro- 
tective coatings. Another factor is 
the relative areas of the metals i 
contact with each other. Parts hav- 
ing the smaller area should be of a 
metal with a lower listing on the 
galvanic series table than the metal 
ised for the larger area. 


When you plan against local action, 
remember that the corrosion process 
is galvanic: Electrons move from one 
point in the metal to another. One of 
the easiest ways to prevent local a 
tion is to use a metal with little or 
no impurity. When alloys are in 
volved, make sure the constituent 
closely listed in the galvani 
table. Local action may also 
be stopped by the use of protectiv 
coatings, which shield the metal f1 
the corrosive media. Environme: 
must also be considered, for its na 
ture may be an important factor 
either promoting or restricting 
rosion 


TECHNICAL ASSISTANCE 
i can see, n 
ved in both local and gal 
ion. That’s why it’s best to b 
your metal problem to Inco’s Cor 
Engineering Service. Availab 
ill be furnished wherever po 
tests will be 


Inco’s { 


are 


series 


VO nv tactors ars 


sch 


aw 
made 
orrosion Enginee 
will be glad to 


corrosion 


sible where 
needed 
ing 
principles of 
your specific problem 


LITERATURE 


The publications belov 


provide more informat 
on how you can combat corros 
ising nickel-containing metal 
Publication 

Number 
A232 


eervice 


conti 








isted 


detailed 


Name 
Corrosion Problems in Nuclea 
Reactor Power Stations 
Factors of Importance in the 
Atmospheric Corrosion Test 
Low-Alloy Steels 
. A Theory of the Mechanism of 
Rusting of Low-Alloy Steel ir 
Atmosphere 
Corrosion by Some Orgar 
and Related Compounds 
some Observations of the P 
of Stainless Steels in Flowir 
Sea Water 
A complete list of the 187 Inc: 
and technical bullet 
nickel-containing metals can | 
tained by writing for “List A 


*Registered emark 


The INTERNATIONAL NICKEL COMPANY. Inc 
67 Wall Street aneo, New York5, N.Y. 


ASS .... 


ications 
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Since then they have found wider and wider application or three times a vear. If we failed once, we were out 
In 1920, the US Dept of Agriculture said that there were In contrast, all rr h work is 99.9% failure and if 
246,000 tractors on our farms and 25.7 million horses and you succeed once you are in. If we are going to progr 
mules. By 1950, there were + million tractors and 7 mi! in any line we must learn to fail intelligently so we won't 
lion horses and mules become discouraged at the 99.9% failure 


Benedict A Leerburger 


Inside Advice on Being Out 








Many of us will remember listening during World Wat 
Il to Toscanimi conducting the General Motors Symphon' 


SIDELIGHT 








of the Air on Sunday afternoons. Sandwiched between th« 
music, GM’s famed C. F. Kettering delivered a five-minut« The conflict — be 
talk on science and invention. “Boss Kett’s” intention was tween man and ma 
to share some of his philosophy on science and engineering chine was _ recently 
with a vast Sunday audience On page 76, today’s engi renewed on the New 
neer shares his experience with engineers of tomorrow Jersey ‘Turnpike. Th 
Kettering was first to point to the importance of research lurnpike Authority 
in industry. He believed that “in manv wavs, ideas a started it by spending 
more important than people—they are much more perma $12,000 for an auto 
nent \s an example, he told his radio audience how a matic card dispenser 
2500-vear-old idea enabled Diesel to build his engine As the motorist en 
It seems that manv vears ago, natives on the island of tered the parkway hc 
Samoa, seeking another wavy to start a fire. hit upon a new was supposed to push 
idea hey carefully fitted a wooden plunger to a small 1 button and removy 
hollow section of bamboo that was closed at one end. Then in outthrust card in 
they put a piece of dried moss on one end of thi plung: dicating his “port of 
ind placed it in the hollow section. Pushing the plung entrance.” But man 
down compressed the air in the cylinder. If this was don drivers thought this timesaver was an automatic toll coll 
very quickly, the air, heated by compression, ignited the tor and tried to pay it. Quarters were hurled at the machine 
moss. Diesel saw one of these South Sea pocket lighters money was neatly stacked atop it one driver tried 
in Augesburg, Germany and his idea for the compression to cram a dollar bill into the card slot. Other motorist 
ignition engine was born. seeing no human toll collector, sped past the device 
Kettering emphasized th« mportance of research befor ind then, upon leaving the turnpike, had to pay mot 
it became fashionable. His advice to young engincers toll than they owed. The Turnpike Authority has now 
Mavbe one of the reasons people are so easily discouraged called it quits, is going to spend $15,000 for a new machin 
when conducting research, is because of their education one that will spit out a card when the car crosses a 


i 
During a f our vears at school, we were examined two treadle 








NEXT WEEK IN PRODUCT ENGINEERING 


. Today’s Ball Bearings—Here’s the Choice 
More than 40 distinct ball bearing configurations are tabulated, described and 
illustrated in this Special Report on precision and commercial bearings. The 
more common ones are also compared in a table. 


Sampling Theory 
How well does a sample represent the whole? Here’s an explanation of the 
equation and a graphical plot to speed computation. 


Easier Way to Find Trapezoidal-spring Deflection 
For calculation purposes, if “converts” the trapezoidal to a constant-thickness 
spring. 


Creativity—a New Appraisal 


Extracts and ideas shed light on the twin problems of industry vs the creative 
man, and a society that is conservative yet seeks innovation. 
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AVAILABILITY 


SERVICE 
QUALITY 


SPECIFY 


B&W Job-Matched stainiess tubing 


You’re assured these important advantages: 

®@ Availability: A nationwide network of district sales 
offices and steel service centers, plus 2 B&W mills—each 
equipped to serve you promptly from a broad range of 
tube sizes, grades and finishes. 

@ Service: B&W’s thorough understanding of process 
industry requirements makes possible sound engineering 
assistance on all types of tube applications. 

® Quality: Comprehensive quality control assures uni- 
formity of tube properties and conformity to specifica- 


tions on every order. All tubing is carefully matched to 
your fabricating and end-product requirements. 


These are just a few of the many reasons why it pays to 
specify B&W Job-Matched Stainless Tubing. And re- 
member—matching tubes to jobs assures you the right 
tube, in the right quantity, at the right time. For more 
information call your local B&W District Sales Office, 
or write for Bulletin TB-410. The Babcock & Wilcox 
Company, Tubular Products Division, Beaver Falls, 
Pennsylvania, 


THE BABCOCK & WILCOX COMPANY 





TA-9063-S4 
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TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings 


and forged steel flar n 
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DEVELOPMENTS TO WATCH... 


Supercold brings “no-loss” motor 
Motors that 


DI itotvp 


Low-cost process promises high-quality lubes 


Lubri 


NEW BRITISH INSTRUMENTS incl 
and transduce eht rachome 


PpIcKU 


Birthday Products 
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This New Catalog Covers Complete New Line of 
MARMAN Industrial Clamps, Couplings, Joints 


\eroquip 
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New 44 page Catalog 803 covers Marman's greatly 
expanded line of industrial clamps, couplings and 
joints designed to solve the problems of fastening and 
joining fluid lines, containers, tanks, separators and 
similar units. 


Presented specifically for design engineers is detailed 
product, performance and application information 
about Marman V-Band Couplings, FLEXMASTER Pipe 
Couplings in a wide range of configurations, all metal 
CONOSEAL Joints for leakproof pipe and tube con- 
nections under extreme pressures and temperatures, 
and other products. These products reduce manu- 
facturing costs, improve product appearance and per- 
formance, speed assembly and simplify maintenance. 


More than 20 years of experience in producing 
quality products for the aircraft industry plus exten- 
sive market research have contributed to the develop- 
ment of Marman industrial products. They have been 
designed for economy without sacrificing quality. For 
complete information send for Catalog 803. 





NEW! aL 


Low-cost hose clamp for wide 
diameter adjustment. Ideal for 
OEM and replacement 











Aeroquip Corporation, Marman Division 
11214 Exposition Bivd., Los Angeles 64, Calif. 


Please send me a copy of Catalog 803 
Name 

Title 

Company 


Address 
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DEVELOPMENTS TO WATCH... 





Ferrous metals protected from molten alloys 


Denitriding, followed by a surface treatment with zirconium in solution or molten 
form, can protect steel from attack by liquid metals, AEC researchers report 

Removal of the nitrogen permits diffusion of the zirconium into the metal’s surface 
and results in a protective zirconium carbide coating. Hafnium or titanium may also be 
used, although they do not seem quite as effective 

The process has been patented (#2,926,11] ind may be licensed from the AEC 
on a royalty-free, nonexclusive basis 

(Note: For more on liquid metals and their applications, see PE—Oct 24, p 45 


Checkered bearings under test in USSR 


“Checkered” bearing surfaces made of “pseudo-alloys 
to providing low-cost, low-friction sliding element 
1e starting point is a bimetal bushing—a ion, for exam 
ll tarting | t | tal busl t f 
lined steel pipe Che inside surface is then knurled to form dep ms about § 
deep. These depressions are then filled with lead and a smooth I oating 
olytically deposited on top ‘he Soviets sav the bearings show ¢ lent antifr 
trolytically d ted t The § t the | gs sl t antif 
properties, and compare favorably with cast lead-bronze bearing 
eporting on the work, at the Byelorussian Institute of Ra ranspol 
R ting tl k, at the Byel Institut f 
D. M. Khavt savs (in Machinostrovenive ) that the steel-lead pseudo-a 
powder compacted and cast as well as checkered elements ul 
investigation. Only a brief abstract of the report is available 
found in the Soviet Technical Press Review, number 60-21441-¢ 


High-speed printer for high-quality reproduction 


A printing mechanism that records at peed 50 lin ’ 
reproduction because it stops momentaril v] printing 
University’s Computation Cente1 
In its simplest form (see diagram 
paper entry and exit, a roller, and a 
chosen that the paper strip is pressed firm 
contact. Clockwise rotation of the shaft wi hen move the pap ounterclockwis« 
Each rotation of the shaft advances the paper an amount he difference 
diameter between outside of the roller and inside of the collar paper mo 
forward, each line of contact on the paper tou SUCCESSIN ies of line 
inside of the collar and remains briefly at rest as the 
Che unit shown in the diagram is designed for printing 
but a solenoid-operated type bar system mav be substitutes 
ind external storage arrangements can be provided 
I'wo prototype models have been built—one that pmnt 
ind another, smaller unit that prints 540 per Design deta 
tion can be obtained from Britain’s National Research Developm 
Suite 503, Mercury Building, 1925 K St, NW, Washington 6, Dt 














PAPER-FEED MECHANISM for high-speed printer is diagramed here 


smoothly along inner surface of collar as the haft and the cam rotate 
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WHAT'S HAPPENING IN RESEARCH... 


Carbon films head 


for X-ray windows 
Self-supporting 


can be used a 


carbon films that 
vindow in X-ray 
equipment | been prepared at 
Cornell | 

\s reported D. J. Baker to the 
American Physical Societv, the tech 


nique involve laver of 


depositing 


carbon on i slide that has been 


1 wetting agent, and then 
Ver oft by 


Chis decalcomania- 


immersing it 


insupported films 
a surface 
Vhick 
itely 2000 Angstroms 
but then 
\ high 


yperated inter 


m na 


TOgTaMmM Ith 


n be mad 
ch smalle 
1 pointe 1 and 


ectrode 


Tests show variations 
in surface cleanability 


lrouble with 


urface-finish specif 
inted up bv an Oak Ridg« 
ontamination stud It describes 


tandards tell 


it10NS 1S ] 


) probl I 


urrent 
et and plate should 

t they do not give pe 
ind cleanability of the 
ith the thick 


with 


mtamina 
rolled, anne 
heet 
than that 
same hin 


perform 


consid 


eh CI hin 


hot-rolled imples But the that 


t (ORNI ills it a “2B 


produced in the 


SC ipproach to 


ipplier at a 
2¢/lb premiun 


lor the test t-1n.-square specimen 


ontaminant solution 


oduct measured 


rinsed, and then 


af each Was 


taken as the percentage drop between 
the initial reading and the final on 
lor in. hot-rolled sheet, the aver 
ge was 731; for 4-in. plate, 257; and 


for 4-in. cold-rolled sheet, 1088 


Briefing the Soviet record .. . 


Columbium-tin allovs are harder and 
have better oxidation-resistance than 
pure columbium, Soviet metallurgists 
iv. The Cb-Sr compound (approxi 


mately 30% ton by weight) shows a 
Vickers hardness of 900, and a super- 
onductivity transition point of about 

$27 | Microstructure 


now being made. M. | 


ind coworkers at Akad 


studies are 
Agatonova 
Nauk SSSR. 


For producing superfine wire in sizes 
down to 2 microns, Soviet enginect 
two different tech 


niques. ‘The original system forced 


ire now using 


molten metal through verv small ori 


fices bv high-pressure air or inert 


gases method 1S 


Now, a magnet 


being used, and the wire is being insu 


lated as it is made. A high-frequency 


magnetic field draws the molten 


metal up inside a very fine glass capil 
larv tube. When it solidifies, it’s all 
ready for use—complete with a gla 
sheath An article describing the 
Krasnaya 


techniques appeared in 


1960. The 


English translation, however, is mn 


zvezda, 7 July complet 


+ 


vet available in this countn 

For wear resistance, graphitized nylon 
gets a boost from Soviet engineers. 
'hey’ve compared friction coefficients 
of nylon 6, phenolic, glass-fiber-filled 
ind glass-fiber-reinforced plastics at 
various shaft speeds and loads. Nylon, 
containing 3 to 5% graphite, far out- 
performed the others, particularly, un- 
der conditions of poor lubrication. Re- 
ports have been published in Izvestiya 
Mashinostroyeniye, No. 3, 1960; and 
Vestnik Mashinostroveniya, No. 5, 
1960. Only brief abstracts are avail- 
ible in English, however. 

material 


As an electrical resistance 


} 


ind for thermoelectric energy con 


version, chromium  disilicide rat 
further attention, say researchers a 
the Soviet Physical Chemistry Insti 


tute. Noting that similar compounc 


¥f silicon with other met 
high thermal electromotive 
good resistance to oxid 
heated in air, thev’ve bec tudving 
onductivit tempt lonship 
| composition; and recom 
icle in Neorganiches 
kov Khimu, vol 1960) further work 
mn both aspect ARG 





Hi-temp thermocouples 
bend fo fit test parts 


For applications requiring mor flex 
ibilitv than is attainable with standard 
the Johnson Mat 


they Company of England offer 


ceramic sheaths, 

metal-sheathed, mineral-insulated ther 

mocouple issembly that can readil 

be bent around a small radius, and 

easily attached to test part 

Standard construction uses 

of 10% rhodium-platinum alloy 

Standard 


sizes are 0.065 in. and 0.125 in. OD 


pure nickel or stainless bas« 


The wires may be any one of several 
rhodium, platinum, or iridium com 
binations; and, JMC says, the couples 
ire serviceable to 3000 F or above “‘in 
industrial 


ill normal itmospheres, 


FLEXIBILITY of metal-clad thermo 


I t vy s : r 
ind will resist ittack by molten gla couples is illustrated here. Note spe 


with nitr id and measured ind other materials that dissolve 


Lh decontamination factor 


cial end-cap designed to prevent chaf 
eramic sheaths ing and short-circuiting 
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Steel furniture 
manufacturer gets 
these 5 benefits from 


Mt. Vernon die 


=, . 


CASE HISTORIES FROM 
MT. VERNON FILES 


Subject: 


Art Steel Company, New York City 


In a major switchover, Art Steel Company 
makes this handsome Steelmaster Desk with 
iluminum die cast legs. The companion Execu- 
tive Chair stands on a die cast aluminum base. 
Formerly it took 8 parts to assemble each island 
leg of the desk...and 14 parts for the chair 
base. But switching to die cast parts gave Art 
Metal Company 5 major benefits: 


1. Simpler fabrication since all castings are one- 
piece integral units. No more multiple section 
ibassembly work. 


2. Complete freedom in designing due to the 
many inherent advantages of the die casting 


prot ess. 


3. Corrosion of legs and bases caused by office 
cleaning detergents no longer a problem. Alu- 
minum die castings stay bright and attractive. 


4. Die castings are delivered polished, drilled 
and tapped, ready for use sembly 
steps previously required have been eliminated 


Several as 


5. Because production of legs and bases ha 
been put into Mt. Vernon, valuable production 
capacity at Art Steel has been freed for other 
requirements. 

More and more, in a great variety of products, 
Mt. Vernon Die Casting 
sheet metal assemblies and costly, crude sand 
castings, bringing significant production econo- 
mies to the manufacturer. All the knowledge we 
have gained on this 
you... free. Why not discuss your problem with 
us too. A call to your nearest Mt. Vernon repre 
sentative will bring you action, 


are replacing complex 


subject is also available to 


it} ty THIEL ' HY ty te 
$34) 29 ay Tile we 


i eee sed ed | Moll -meoe Chal icihedel-t-lel-2 balel. 


SALES REPRESENTATIVES 
BALTIMORE, MD.: Mr. C. M. Gordan, 919 St. Paul St. 


STAMFORD, CONNECTICUT 


MARIETTA, N. Y.: Mr. Burt J. Meldrum, Olanco Road 
PITTSBURGH, PA.: Mr. Andrew W. Anderson, 300 Pasadena Drive So 


BROOKLYN, N. Y.: Mr. Robert V. Moore, 2317 Plumb 2nd St. STAMFORD, CONN.: Mr. Anker Anderson, Cascade Road 


CLEVELAND, OHIO: Mr. Grant Eller, 6 East 194th St. 


CIRCLE 10 ON READER SERVICE CARD 


VALLEY FORGE, PA.: Mr. G. T. McMaster, P.O. Box 115 
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Here’s 


another of the 

invisible extras that 

insure the precision performance 
of LINK-BELT roller chain 


Painstaking precision of heat-treat control gives you 


uniform strength in every link 


Io produce roller hain of utmost 


uniformity, Link-Belt maintains exact- 
ing control of all heat-treating proc- 
esses. With equipment and instrumen- 


tation exactly tailored to the need, all 


j 


processes are carefully adjusted to 


suit the characteristics of each heat 


and analysis of steel. Result roller 
chain of uniform strength well above 
accepted standards. Chain that absorbs 
shock loads. delivers full powel under 


continuous heavy going 


Precise heat-treat control is one of 


many invisible extras that contribute 


to the greater strength and endurance 


LINK-BELT COMPANY: Executive Offices, Pruden- 
tial Plaza, Chicago |. To Serve Industry There 
Are Link-Belt Plants, Warehouses, District 
Sales Offices and Stock Carrying Distributors 
in All Principal Cities. Export Office, New 


Single and couble strand Link-Belt roller chains 
combine to provide dependable, positive power 
transmission at this installation 


LINK 
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BELT 


ROLLER CHAINS AND SPROCKETS 


of Link-Belt roller chain. Others m- 


clude prestressing pitch hole prepara- 


tion, shot-peening. These features 
plus painstaking precision and inspec 
tion in every step of manufacture 
assure you of chain that can easily 
cope with today’s heavy loads and 
high speeds 
For engineering assistance in a 

ing industry’s preferred 
roller chain, contact your 
nearest Link-Belt office. 
See CHAINS in the yellow 


pages of your phone direc- 


tory Ask for Book 2657. 


York 7 Australia Marrickville Sydney 

Brazil, Sao Paulo; Canada, Scarboro Toronto 
13) South Africa, Springs. Representatives 
Throughout the World 
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MYLAR’ retains its high strength at -60°C. 


Can the unique combination of properties found in ‘Mylar’ 
help you solve your design problems? 





‘““Mylar’’* polyester film is a tough, flexi coated. The film won't embrittle with 
ble engineering material. In addition to age. ““Mylar’’ is available in roll or sheet 
its resistance to temperature extremes form in a wide range of gauges 

60° to 150°C.), ‘“‘Mylar’’ has an average Find out how the combination of prop 
tensile strength of 20,000 psi, a dielectri: erties in “‘Mylar’’ can help you solve 
strength of 4,000 volts per mil for 1 mil knotty design problems, improve prod 
film, plus excellent resistance to most uct performance or cut cost. Write today 


chemicals and moisture. for our new booklet containing detailed 


On an area basis, tough, thin “‘Mylar’’ information on properties and applica 
often costs /ess than heavier, conventional tions. E. 1. du Pont de Nemours & Co 
materials. ““Mylar’’ can be laminated (Inc.), Film Department, Roon 


embossed and metalized, punched or mington 98, Delaware 


Seeders 

, DU PONT 
Weatherable ‘Mylar’ Type W resists ultraviolet 

light. This new film, with all the outstand 

ing properties of regular ‘“‘Mylar”’, will with - 


stand long exposure to the sun’s ultraviolet 
light. The film offers new design opportuni BETTER THINGS FOR BETTER LIVING ‘ POLYESTER FILM 


ties for outdoor applications THROUGH CHEMIST 


12 CIRCLE 12 ON READER SERVICE CARD PRODUCT ENGINEERING - DECEMBER 5, 1960 





FROM WASHINGTON ... 











Navy ditches designer of giant radiotelescope 


Che Navy is changing design engineers for its big radiotelescope at Sugar Grove 
W Va. The project has come under criticism recently because design problems 
have already caused a 2-year delay in completing the big supersecret communica 
tion facility 

Navy has dropped the original architectural and engineering firm (Grad, Urbahn 
and Seeley of New York) and is negotiating with Ammann and Whitney to com- 
plete the engineering design of the project. Navy terms the parting as by “mutual 
agreement.” It settled a lump sum contractual fee of some $5.8 million with 
the firm for $5.2 million. 

Unofficial reports, however, have it that the Navy wanted to make too many 
design changes in the structure without increasing the designer’s contract. The 
firm had completed nearly 90% of the design work before the parting occurred. 

Design changes being made include substitution of high-strength steel to cut 
weight—also, taking control elements off the structure and mounting them in 


movable ground-installations 


Advocates say sea-launched satellites best 


1] 


I:nthusiasm for the launching of satellites from the ocean is picking up n 


official reports are that Navy will ask Congress to build a specially outfitted ship 
for such use in its 1962 budget that goes to Congress in Januar 

Advocates of the plan argue that it will not only be safer and cheaper than 
using land-launching sites, but would allow launchings to be made at any latitude 
desired. Primarily, equatorial launchings are needed for the satellite systems 
that require the so-called stationary satellites [hese must be placed in orbits 
in line with the equator, moving at the same speed as the earth. In this position, 


ellites remain in the same relative position with the earth 


Pentagon easing up on contractor rights to technical data 


Phe Dept of Defense may change its contract requirement 

nation ( times known as the “technical data” provis 

tracts, tl entagon is considering a proposal allowing 

themselves technical data developed at their own expense icquire all other 
lata on an unlimited right basis. 

Right now, when individual contracts are written, both the military and the 
contractor must make detailed lists of technical data and the degree of proprietary 
protection to be afforded. Under the new plan, this contract-by-contract approach 
vould be junked in favor of the blanket ruling on the issue 

Where companies are to furnish components that have already been developed 
and sold or offered for sale, their proprietary rights will be protected. 


Polaris missile outgrows its original carriers 


he Navv’s first five Polaris submarines will hav o be refitted before 


] - ie i= ) : 
in fire the 1500-mi and 2500-mi Polaris missiles now under levelopment 


reason is that the follow-on missiles are some 30 in. longer than the 1200-mi 
Polaris missile to be carried by the first five submarines 

Navy has already test-fired the first 1500-mi Polaris, dubbed the A-2-X. A 
second firing is slated for early in December. The missile is scheduled to be 
operational by early 1962. And the 2500-mi version of the Polaris, the A-3 series 


will be ready within the next two to three vears. 
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multiple positioning 
ina simple, low cost package! 


photo cell 
J ge ' 
eae ee —OR— selector switch 
; telephone dial 
punched cord + thermostatic switch 
—_ pressure switch 


© © > amplifier timer & others 


ae aid or relay 


pra 


reversing bon = . ; 
v 


relay _ 
rf - 3 Hanna-Powr Positioner 


air or oil 
cylinder 


Honno-Powr Positioner 


HANNA-POWR’ POSITIONERS 


THE NEW HANNA-POWR POSITIONER Stroke lengths may vary from a few 
is a simplified, low-cost servo-mechanism used several feet to suit each application 
with air or hydraulic cylinders, electro-1 HANNA-POWR POSITIONERS 
ul or other power drives to r ( time of designing special controls 
ichieve predetermined positions ne offer convenience of installatio 
POSITIONER will also feed a signal to a simple mounting for a group of cont 
read-out station to indicate the position point cut maintenance costs by protecting 
Controls. such as selector switches, timers trols in a sturdy tight housing 
thermostatic switches and other feed signal Your individual , ms will suggest ma 
to the POSITIONER for station selection uses for the HANNA-POWR POSITIONER 
as many as 14 per foot of stroke. Infinite vari For more detailed information call your nearby 
ations in positions are possible by simple Hanna Representative, (See “Cylinders” in 


movement of the adjustable limit switches the yellow pages), or write us for Catalog 500 
INDEXING 
- - 
Hanna Engineering Works 
1763 Elston Avenue * Chicago 22, Illinois * BRunswick 8-2710 
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THE ENGINEERING WEEK 


Italian Tool Design Swings to Automatic Controls and Standardization 


Mitan—The second edition of Italy 

International Tool Show 
BIMI this produced a trend 
toward equipment h more flexibil 
tC } peed than | sh wn two 


Phes 


pe # : 


TURRET DRILL with punched-tape control for table positioning 


by Caser of Pavia 


shown 


ontrol 


machine 





tioning $s m 
nachine bv San Ro 
Dials set the procram fot AUTOMATIC HIGH-SPEED INTERNAL GRINDER by Ming 
; ; finish 0.04 to 0.24-in. holes with tolerances of 0.000,04 
bearings at 150,000 rpm. Because of auton 


anti of Bologna will 
in. Spindle grinds ring 


a ie iatic loading and unloading, and 
nched-tap ealled none electronically controlled measuring equipment, the 1 
ichec | TI ollec oO b 


in-line transfer Working cycle takes 26 


hit 
chine 


Saimp of Padua. Cycles are controll 

electronically by pushbutton; copying 
trohvdrauli ypving device and tailstock are controlled 
itomat t g , bi hydraulically Saimp also showed 
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speed-selection controls reduced setup 
Work cvcle of 


min 


time between jobs 
30) operations 


take 
} 


he machine-tool industry here has 


spawned a related industrv—the design 
ind production of built-in automatic 


inspection devices for 


gaging and 
Marposs of Bologna, the 
only vendor of such equipment in the 
last 


Riv of Turin 


measuring 


show, was this vear joined bi 

ind Nova of Novara 

Marposs manufactures a wide rang 
mati 


ge 
rf iuf 
} 


that can be 


inspection equipment 


mounted on grinding ma 
on workbenches, o1 
to check 

[his equipment uses a 


lock” to check 


rregularities 


hines, In Inspec 


fion rooms Or batch 


mass 
production 


‘fingel surfaces and 


orrect 


Fingers come in a number of shape 


covering various operations of the ma 


] 


chine—checking internal and outsid 


diameters, internal 


grooves, outside 


surface or thickness and measuring 


keved pieces 


to a single 


he fingers are applied 
or double-contact measur 


ing head. The measuring head passes 


1 signal to an electronic circuit which 
implifies it so that measurement can 


be scaled. 


lest equipment shown by 


M ITpOSss 
included precision comparators for in 


ternal, external and centerless grinding 


machines, measurement and control 


devices for surface grinding, duel-con 


trol comparators for selective compara 


Hy + 


e machining, apparatus for selectiv: 


issembly, precision 


| 
use, production-series checking 


comparators f 


ind multidimensional check 

manufacturin 
\loore 
} 


g under 
Products Co of 


ed a line of comparators 


RADIAL DRILL (above) with electrohydraulic control was 


displayed by SASS of Turin 


machines at the Milan show 


CAM-MILLING MACHINE 
the Olivetti booth 
calculated by 


with 
shown at 


cycle are computer 


punched tape. Electronic devices for 


punched-tape control 
Various stages of its 
and 
controlling 


This was one of the largest 


was 
working 


transferred to a 


the tool 


holder include a punched-tape photoelectric reader, a punch- 


ed-tape data-processing device, an 
verter, an interpolating 
mechanism. The machine will cut 
with an accuracy of 0.0007 in 


device and 
11.8 in 


16 


analog 
precision 


cams up to a 


numerical con 
servo 


radius of 


ind sorting equipment. 


featured an electronic 


ple gaging 
Nova 


device for its 


chines that dit 


SIZING 
internal grinding 
ects 


wed 


ma- 


Oo 
o 
sized work pieces 


} 


Che system all tolerances as close 


is 0.000, 1¢ ncluded a sizing 


head, an elec ic unit with feeding 


implification yntrol, and a dia- 


mond-tipped f 
P] 
On the d 1utomatic 


vitchi rom I I I { rough 


grinding wheel 


1 
triggered 


when 


the workpiece 
cessation of 


wheel truing, 
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ufacturers of such equipment iT¢ 


Tractor Swims—and Climbs Too 
Ercole Marelli of Milan, under license 


with Westinghouse; Pellizzari of 
Milan; Philips Italiana; Richardson 
Allen Italiana; Brown Boveri: Cea 
Perego of Milan, and Riv of Turin 
Static controls were widely used on 
grinders, planc milling machines, bor 
ing machines and lathes 

Special computers for machine oper 
ations were again absent, but firms lik« 
Olivetti and Fiat are believed to hav 
designed their own and put them int 
operation 

E.quipm nt was d 
exhibitors—about 15° them for 
eign. The fair attracted 42,589 vis 
tor | duced $10 million worth 


TS ana 
i 


of business 


—Gene DiRaimondo, Milan Bureau 


Bouncing Radio Waves 
Give Radar Longer Range 


Moscow Che Russian answer to th 


US Samos spv satellite may be the 


Kabanov Effect’ discovered by Niko 


lai Kabano' ding to the Rus- On this amphibious Wagner tractor, each of the whee equipped with 
f y 1 special Goodyear tires and is mounted on a leg which can vertically orbited 
in en power'Ttu ragdio =Wwave ; 


a full 360°. Special wheels permit vehicle to climb up banks high, traverse 
: ) pictus streams and cruise in deep water—thanks to a propeller in the 4 longi- 
thou ls o \ tudinal hinge, connecting both ends of the 2-part chass e! -s the < 


) ( rf 
n «-pa 


Kabanov has est 1e¢ that 1 Devil” to turn 


lio wat when reflected from the 
ynospher re partially 


scattered 
irth’s 


British Reject Mass Production as Cure for Machine-tool Woes 


LONpDON—A subcommittee of Britain M 
Machine Tool Advisor 
rejected the conclusions 
Melman report, whicl 
mass production and 
dization of Europ 
betw iono industri Vhe 
rth, finally r ng Sevmour Melman 
] 


»bserve dustrial enginee! 


turn along the _ initi Univ, for the Europe 
to the beam source: Agency, warned that 
far ahead of Eur 
viewed on 1 radar s reen. On yf mass-production techniqu 
k so far: signals from the in tool industries 
bounce points are supet But the subcommittec 


mposed on the desired imag rf 


hy 


manutacturers, tr 
Initial studies, Kabanov _ believ government ofh 


} 
ldtS, 
ul] 


help in selecting the most favor ways other than European 
ible frequencies for long-distance ra zation to meet the Soviet thr 


lio communications, for obsery ition group urgently ) O 


ind exploration of the iono phere, and toolmakers to 


hould improve radio communication 


ing low-power 


vith simpler ae nd les within limits 
n Che subcommittec points 
—Ermest Conine, Moscow Bureau standardization on the scale 


PRODUCT ENGINEERING + DECEMBER 5, 1960 





Wagner® Type DP Motors are doubly protected by rugged, 


corrosion-resistant cast iron frames and dripproof en- 


closures. Splashing or falling liquids, corrosive acids, salts, 
and alkalies can’t stop their smooth operation. Designed 


Sudden Splash 


or 
Soaking Shower 


including many 
Wagner Doubly 
into 


to meet a wide variety of applications 
that used to require splashproof motors 
Protected Motors pack plenty of 
little space, are lightweight, long-lived, and pare down 
time and upkeep costs to the bone. Simply put... they 
get the job done. Let your nearby Wagner Sales Engineer 


power precious 


show you how these motors can be applied to your needs. 
Call him, or write for Bulletin MU-223. 


Wasner Electric Corporation 


6406 PLYMOUTH AVE., ST.LOUIS 33, MISSOURI 


DP Motor... 


won’t stop a Wagner® 








SLEEVE BEARING MODELS AVAILABLE...DP 
Motors cre built in NEMA frame sizes 182 through 
445U; | through 125 hp—1750 RPM—40°C; 
available with ball bearing construction as illus- 
trated or steel-backed, babbitt-lined sleeve bear- 
ings. Larger motors (Type RP) are available 
through 1000 hp. 
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CAN BE RELUBRICATED ... Original factory lubri- 
cation will last for many years in normal service, 
but openings are provided to permit the relubri- 
cation that adds years to motor life under severe 
conditions, 


COOL RUNNING...Specially designed baffles 
direct cooling air through the motor to reduce 
stator temperature, thus increasing motor life. 
Blowers, cast as part of the rotor, move large 
volumes of air without noise or vibration. 


wm6éo0-20 
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AlSiMag 730 


SHAPES 


METHOD: The c ar MATERIALS: A!SiMag 689 ; 
plic rt lengt tipl high purity, high Te value. AlSiMag 
714 magne tremely high pur 





- ff 
Seecnnte. titan ool RS AMERICAN LAWA [ciatanooca s tenn 
Fee: ¢or » ons 6 ©} oo hoe 


Manufacturing Company 

For service, contact American Love seprosentetives te Gllns of-Alansiete Mining 6 & Manufacturing Co. in these cities (see your local telephone 

directory): Boston: Newton Center, Mass. © Chicago: Bedford Park, tll. © Cleveland, Ohio ¢* Dallas, Texes © los Angeles, Cal. 

New York: Ridgefield, N.J. © Philadelphia, Pa. © St. Louis, Mo. * St. Paul, Minn, © So. San Francisco, Cal. © Seattle, Wash. 
All other export: Minnesota Mining & Manufacturing Co., International Division, 99 Park Ave., New York, N. Y. 
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centinued from page 17 


that Britain have to rely 
heavily on machine-tool imports and 
To offset this 


threat, it makes several recommenda 


may more 


that exports may fall 


tions 


© Expenditures on R & D should 
be raised to 10% about 
$22.4 million annually by 
1964 


million 


of turnover 
the 


ibout $8.4 


end ot 


Current research is 


@ The number of qualihed person 


1 in research should be raised 


engage. 
from the present 
by 1964. The 


be attracted from other 


120 to 250 or 300 


new engineers could 


industries b' 


instituting company training program 


— 


@ Industry should toward 


standardization in 


um 
greater location 
f tooling and ancillary equipment, 
ind adopt standards for modular units 
recently 


le industry. 


® Electronix 


ools should be deve loped 


idopted by the US automo 
bi 
ontrol f 


® Surveys of future 


ind age of machines cur 


ted in the UK should b 





Prof Melman Replies 
Nik Imat 


] 
na ¢ ressced lisapp 


NEw 


YORK 


This Contract Requires Flaws in Castings 


NEw 


ind 


lor vCal on 


h idl 


YORK um 


foundrymen have 
radiographic standards of 
to guide the inspection 


ind thicker. Now 


raphs are being mad 


ings ? in 

radiog 
standards to castings that 
thick 

Brake Shoe Co ) 


ducing sets of radiographs for Naval 


these 

less than ? in 
American 

show it} 


Ordnance Laboratory to 


cisions, cold-shuts, shrinkages, cracks 
hot tears 


4330 of 


ind 


4340. 


gas hole S, 


#130, 4140 


mistTun 


547 


PATTERN IS DESIGNED to produce a “perfect flaw” in 
American 
of earlier 


Engineers at the 


then 


casting. 
Center 


a test 


Research compare 


graphs with this pattern (photo, left), and make necessary 
defect 


design changes to produce a given 


20 


defects 


produ C 
Riser 


climinated 


may 


instances; 


ippendag 


age 
Shoe by the size, 
disks 


mold 


Brake 
radio 
itself 
flaw 


here, shrink 


in the next series of castings 
shape and location of the silver-coated wooden 
(foreground) 
Darkroom 
produced in 


ms of th 
British 


ruled out further 


onclusi British group 
ettect, 


manu- 


He says the have, in 


inquiry into 
He considers this 
f judgm 


y Che Brit- 
iSel h says, to 


facturing methods 


on 
manufacturing methods 
ind which of these meth 
produc 


] 
optimum results 


; 


Shrinkage is controlled 


the 


show 


and by the location of risers on 


(phot eht) 


inspection 


test casting 
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Aircraft jet engine to pump natural gas 


Registration by Mail Brings 
Better Engineering Education 
Kansas Crry, Mo—On the basi 


three vea Kperic the Uni 
Nebraska nfident that it regis 
tration-b ii! expernnent 1 ful 
filling t ‘ 1C¢ function 


thos 


Dea 
ng and Architectur 


MIAEC ON Mid Am 


\ Pratt & Whitney J-57 aircraft engine has been converted to power a Cooper- 
sessemer RT-248 natural-gas turbine. The engine supplies 10,500 hp to turn 
this specially designed turbine, which features the “chimney” exhaust at right 
The unit pumps about 600 million cu ft of natural gas a day through the r 
cently installed Columbia Gas Co pipeline, which runs from Rayne, La to 
yupled with the Ashland, Ky. It weighs 34,000 lb, about 1/6 the weight of a conventional eas 
turbine unit and is the first of a family of jet-powered gas turbines to be 
rated from 350 hp to 15,000 hp. They are expected to find application in the 
natural-gas, petroleum and petrochemical industries; in power-generating and 


, 1 
rrormancs n highsch 0 


board exams, 1 LIs¢ 


enr ) Ity ti T ( 
Draska facul ) THhab n the maritime area 


of recommended cour 


then vork 


German Machine-tool Industry Swamped With Orders 


Bonn—German machinen rodu Ins ieved =by import though 


tion soared to $2636 million during till relatively small. Import 
| 


the first 6 months of 1960—a gain of for tl Jan-June period this year 


18.4% over the corresponding period i] ed to : nillion, a 41.2% 


last vear. The increased demand fo un over | vea a 


machines is attributed to an economi 
boom and an acute labor shortag Soviets Release Patent Data 
vhich together have stimulated 

tically all German industries to invest ZURICH USSR has given perm 


biweekly pat 


n more equipment OI CX I ) iwec} | 
Exports machinery also re In ipprox! 
the first half of 1960 thev reached ! | OU pater r veal i] 

$1024 million—a 15.9% gain over th desct | in detail ul r informa 

been climbing same period in 1959. Thus German ( from the follow 
In 1954-55 till ranks second, after the US. in ng i ! Omelin-Institut 
ounts fo rr D I } lrankfurt-an 


those who had entere« machinery exports, and acc fi 
Deuts he 


hool 4 years earlier g 16% of the world total Gi 

By 1958-59. the 1 ) Despit« production wal new te ! Muse iI Muni 

ders are outstripping plant produ criman tion 

Ihe lmonitio » entering tion capacity. Orders rose 41.2% du hemischen Zentralblatt \l 
freshmen engi rs; “Take a look ng the first 6 months of 1960. even rasse 3 Berlin WS, W 


International Pat 


the mai each side of you though prices were rising 5%. Del I +) Th 


The Hague, Holland 


won't be here when you graduate ery time for machinery i stead 


disturbingh ose to fact, Prof Black increasing h tion of patents f 


man said = Some of this pent up demand i USSR and satellite nation 
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NEWS ABOUT 
PRODUCT DESIGN 
AND 
MATERIALS 


Whether the design is a new 
product or improvements for an 
old standard, Dow plastics are 
ready to help the designer. They 
provide a vast array of thermo- 
plastics formulations—each 
with particular specialties. Take 
Styron”, for example . 

The workhcsse of modern plastics, 


Styron (Dow polystyrene) permits the 


designer complete color choice, with 


ia 
NI 
i Hi 


TODAY'S PLASTICS 


STAR IN 


NEW HOUSEWARE DESIGNS 


finish ssured Th 


good flexural strength 


attractive surface 


material affords 
provides excellent dielectric properti 


and low water absorption. Best of all 


Stvron is low in cost—molds, extrudes 


and thermo-forms easily—and is offered 


in 20 different formulations that spot 


light particular design characteristics 


For example, in the new combination 


appliance designed both to vacuum rugs 


and scrub floors (illustrated below) 


tanks are made of Stvron 475, de velope d 


specifically for high impact strength 


device 
Stvron 369, a formulatior 
bines excellent he 
npact strength 
high-stvle 
lock tak 
features of Sty 


the 


es advantage of 
ron 
while 


opaque protective 


is crystal clear 


at resistance 
makes a color 
d clock radio 


nousing 


impoo 


t com 
id good 
Ul Case 
And the 


ler ver 
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ADIT : 
AVN 
Ma it 
at 
K KATY, 
yWiviy . 


r 


rr 
SeSepeps 


Yoh 
ee 


+ 


For outdoor relaxation, handsome For privacy on the patio, new wall 
chairs are laced with cord of PVC, Dow divider grilles offer novel designs, main 


polyvinyl chloride. Excellent aging char tain their good looks for vears. Molded 


Cans open in a hurry with electricity 
turning the crank. And this can opene 
breeze to keep clean bec 
acteristics, quick recovery from loads of Zerlon®, they are exceptionally 


combine to assure durability and long strong, resist outdoor weathering 


lasting comfort. In a wide 


and stand up under blazing sun o1 
colors PV¢ 


freezing cold 


LOOKING FOR NEW MATERIALS? 


The Dow family of thermoplastics provides one of the widest lines 
of materials and formulations available in the industry today 


More than likely, there are Dow plastics that can help you today 


in designing products for tomorrow. We'll be glad to help with 
specialized technical service—from helping select the right formu- 
lation to assisting in color styling, as you wish. Just write to 


THE DOW CHEMICAL COMPANY, Midland, Michigan, Plastics Merchandising 


Department 1721DZ12-5 


See ‘The Dow Hour of Great Mysteries’ on TV 
AES A. SRE 
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POINTS OF VIEW 


Launor F Carter, PhD 
Director of research 
System Development Corp 
Santa Monica, Calif 








The System Development Corporation of Santa 
Monice, Colif, is a nonprofit company formed to 
study the human factors in modern technology. In 
1958, Dr Lounor Carter of SDC approved a project 
proposal for research in the field of automated 
teaching, end he has remained active in these 
studies. He joined SDC in 1955 and is now director 
rch. Basic function of his office is the study 

factors, computer programing and opera 

ion for large man-machine systems Dr 
experience in human-factors work dates 

World War Il days when he directed psycho 

esearch on the selection and training of 

He is an active psychologist; a fellow of 

merican Psychological Assn and the Ameri 

the Advancement of Science; chairman 

hology and Social Sciences Panel for the 


ce's Scientific Advisory Board 








tHE Question: How Good 


In the Oct 3 issue, PRODUCT ENGINEERING 
presented an engineering editor’s evaluation 
of teaching machines. Now a research di- 
rector, who is also a psychologist, warns that 
if these education aids are underdeveloped 
and oversold, the public—which will have to 
pay the bill—may reject them. 
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Are Teaching Machines? 
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GIANT TRANSPORTER FEATURING 
ACIPCO “WALKING BEAM ASSEMBLIES" WILL HELP... 


Saturn's conquest of space 


The moment draws near when America’s These rugged assemblies are con- 
Saturn rocket will thunder into space structed of high strength alloy steel and 
But in the meantime, elaborate ground comprise centrifugally spun and statically 
tions are now taking place cast component parts 
he N.A.S.A. Marshall Space t Acipco. Al ill precision ma 


brication work 


launching site 
cargo Wi e gently cradled « 
the huge transporter shown here. Acip 
valking beam assemblies (upper left 


e vital parts of this transporter aSSISt you. too Our Inquiry Is invites 


| /\ GIF GO 
\ SPECIAL PRODUCTS 
DIVISION OF ™\, AMERICAN CAST IRON PIPE CO. 


BIRMINGHAM 2, ALABAMA 
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How can #f##this simple fastener 
cut the cost 
of your product e 





Rolipin aids standardization and reduces inventory 
Rollpin readily repiaces taper pins, grooved pins, straight pins and 
set screws; it can be used as a locating dowel, hinge pin, cotter pin, 
stop pin or, in some applications, even as a rivet. Thus, when you 
standardize on a Rollpin you can drastically reduce the variety of 
fasteners in your inventory—save money in purchasing, storage 











space and stock handling. 





Rollpin simplifies production processing . . . saves man-hours 


When you use Rollpin you can eliminate costly precision drilling, or 
tapping operations. And there’s no need for any secondary locking 
operation—such as lock wiring or peening. That’s because Rollpin 
is a slotted tubular steel spring whose chamfered ends drive easily 
into standard production-drilled holes, compressing as driven. The 
spring tension against the hole walls retains Rollpins securely 
against severe vibration. Independent studies have shown that in- 
stalled costs of Rollpin are as much as 91% less than those for a 


dowel pin or 95% less than the installed cost of a taper pin. 














Rolipin simplifies product maintenance 


Only a drift pin or standard punch is required to remove a Rollpin 
The slotted tubular shape and the spring action principle do not 
damage hole walls or enlarge the original hole diameter. Conse- 
quently the same pl S¢ asily re-inserted and can be used again an | 
again. Mail our coupon today for the complete Rollpin story 











7 Dept. R58-1243, Elastic Stop Nut 
° . Nome 
Corporation of America 
2330 Vauxhall Road Tite 


Union, New Jersey 
Please send the following free 
fastening information Firm 
Rolipin bulletin 
ELASTIC STOP® nut bulietin Street 


‘A 


problem. What ESNA® fostener Cit 
would you recommend? Y 


Elastic Stop Mut Corporation of America 


| 
| 
| 
| 
a product of | Here is a sketch of a fastening 
| 
L 
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READER TO EDITOR| 





Blinding Power of Statistics 


\ T. lo the Editor 
>> I read Mr Simberg’s artic 
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that once 
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to SUPER SEMIS 


Both are driven by Rockford Spring-Loaded Clutches 
Rockford offers today’s design engineer an 
ultra-wide range of proven power controls for 
iutomotive, agricultural and industrial 
machinery. Rockford’s complete to Wordsters 
engineering design service is 
ivailable to you at no cost or 
obligation. All clutches are 
quality-built and thoroughly 
tested for enduring depend 
ability customers stay 
customers. Write today for 
illustrated brochure SPRING.LOADED 
ROCKFORD CLUTCH 


ROCKFORD CLUTCHES 


ROCKFORD CLUTCH DIVISION BORG-WARNER 


209 CATHERINE ST. 
ROCKFORD, ILLINOIS 
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Don’t Forget Spur Gears 
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WALDRON 
Floating 
Shaft Type Coupling 


— 





are 


6% 8 550 








*Weight of Floating Sheft not included 
The floating shaft arrangement meets the problems of remote drives 
and excessive misalignments. This arrangement consists of two rigid 
female hubs on the driving and driven machines with a male half of a 
standard coupling on each end of the floating shaft, that separates the 
connected machines. The length of the floating shaft is limited by the 
critical speed, since this arrangement requires no intermediate bearings. 
The hub arrangement can be reversed, that is, the rigid hubs can be in- 
stalled on the floating shaft and the flexible halves on the driving and 
driven machines. This arrangement is optional, except that it is better 
practice to have the rigid hubs on the driving and driven machines in the 
event that it is necessary to run the machines independently. 

Write for Catalog. 


, 
~a— } 
Deed c 
re 


Vin By! 
VL 


- 
a 
a | 


WALDRON-HARTIG DIVISION 
MIDLAND-ROSS CORPORATION 
BOX 791, NEW BRUNSWICK, N. J. 
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Tame corrosion 
with J-M Clipper’ Seals! 


you'll never need to scrape 
or refinish the bore surfaces. Clipper 
Seals come away clean and easy... 
replacement is fast and requires no 
special tools or adhesives. And for 


Their all-compound construction 

® prevents rusting in the cavity 

e provides better bearing protection 
@ simplifies removal and replacement 
The two pictures on this page dra- 


matically demonstrate the impor- 
tance of an all-compound construc- 


Metal-cased Seal will rust and corrode 
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tion where corrosives must be reck- 
oned with. The Clipper Seal shown 
above has seen service in a severe 
application. Yet unlike seals of other 
than all-compound construction, it 
has come away unharmed and still 
fit for further service. Nothing ina 
Clipper Seal can rust, or corrode in 
the cavity, or cause pitting of bore 
surfaces. In the styles using a gar- 
ter ring, even the spring is made of 
stainless steel! 

A Clipper Seal consists of a soft, 
flexible lip and a tough, dense as- 
besto-compound heel, concentrically 
moulded into one unit. The heel ef- 
fectively protects the bore from dam- 


JOHNS-MANVILLE YM 
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quick, temporary replacement, 
Johns-Manville produces a special 
split seal 

Let your J-M Distributor help you 
select the right seal for your service 
conditions from the wide range of 
designs, compounds and durometer 
stocks available. Or for a copy of 
helpful book PK-71A, write to Johns- 
Manville, Box 14, New York 16, N.Y. 
Cable address: JOHNMANVIL. In 
Canada, write to Port Credit, Ont. 


VILLE 





MOTORS 


. Easy access terminal box 





. DuPont Mylar®* slot 
cell insulation 


. Lightweight, die-cast 
aluminum end heads 


. Dependable, silent 
centrifugal switch 


. Precision die-cast 
aluminum rotor 


. Choice of sleeve or 
fully sealed ball bearings 


. Precision machined 
rigid steel shell 


. Choice of rigid, 
resilient or face mountings 


R &M Fractional Horsepower Motors are packed 
with Competitive Advantages for your product! 


Rossins & Myers “Model R” fractional HP motors, avail- 
able in NEMA frames 56 and 48, are engineered and 
manufactured to give your product every possible com- 
concerned. Each 
results in superior performance and long 


petitive advantage so far as 
detail 
trouble-free life, even under the severest operating condi- 
tions. They are smaller due to a more efficient ventilating 
system and lighter because of new applications of aluminum, 
steel and copper 

You have wider design versatility too, because they are 
available off-the-shelf in a broad choice of bearings, mount- 
ings, ratings, speeds and electrical characteristics. 

These up-to-date design features, coupled with careful 
control at each manufacturing step, give you a 
modern motor you can rely on for all your powering needs 
Also, if your needs indicate a custom designed motor Rob- 
bins & Myers welcomes the opportunity to discuss your 
quantity requirements 

Learn all about the many advantages R&M motors offer 
you by writing today for Bulletin 450-PR! 


*DuPont re tere 


power 1s 


design 


quality 


d trademark 
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ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 


SPRINGFIELD, OHIO + BRANTFORD, ONTARIO 
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This KENNAMETAL’ lined 
container grinds some 
of the hardest known 

materials to powder 


Tungsten metals, silicon carbides, 
asbestos fibers, blast furnace slag, 
copper shot, alumina beads... are 
all conquered in this grinding vial 
used in a laboratory size mill. 

Such materials pack, thereby pre- 
venting thorough grinding. At the 
same time, they peen out, smear and 
erode the surfaces of the usual mor- 
tar and pestle or ordinary ball mill. 
But the Spex Mixer Mill, using 
Kennametal Balls in a Kennametal- 
lined cylinder, can grind a lab size 
sample down to —300 mesh or finer 
in just 10 minutes. Grinding is uni- 
form, with hardly a trace of con- 
tamination. 

The hardness of Kennametal (up 
to 94.7 Rockwell A) makes the 
difference. Hardness is but one of 
the many exceptional properties of 
Kennametal. When you need a ma- 
terial with great rigidity, resistance 
to heat, corrosion, abrasion, ero- 
sion, and compression . . . chances 
are Kennametal may be the answer. 

To help solve an immediate prob- 
lem, or a future need . . . we'd like 
to send you Booklet B-111B,‘‘Prop- 
erties of Kennametal’’ and our new 
Booklet B-666, “Proven Uses of 
Kennametal and Kentanium.’’* 
Write Dept. PE, KENNAMETAL INC., 
Latrobe, Pennsylvania. 


*Kennametal is the registered trademark of a 
series of hard carbide alloys of tungsten, tung 
sten-titanium, and tentalum. Kentanium is the 
registered trademark for one of the series that 
has special advantages for applications requiring 
a lighter weight material or maximum resistance 
to temperature extremes. 33538 


usTtTRyY AND 


<> KENNAMETAL 


Pritners in 
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For Your INFORMATION (persona!) 





Nature has hydraulics engineers too 





Looking for an efficient 
hydraulic system? Don’t 
overlook the 


worms, and those web 


earth 


Longitudinal 
muscle 


spinning experts, — the 
spiders. ‘They have hy 
draulic locomotion sys Spocer 
tems that rate careful membone 
British f 
have been doing just 
that 

The earthworm 


moves by stiffening and \) 


~S 


study, and the 








relaxing a muscular “‘en 
EARTHWORM MOVES by lengthening and shorten 


whi Ins . ; 
uch contain ing fluid-filled cavities; uses bristles to grip soil 


velope”’ 


1 series of liquid-filled 





cavities (see diagram 

A constant volume of 
liquid is maintained in 
each cavity. When the 


longitudinal muscles in 
} 
Articulor 


any region contract, the 
memorone 


circular muscles relax 
ind the region shortens 
and thickens. Relaxing 
the longitudinal mus 
cles has the 
effect. By 


these two actions, the 


opposite 











combining 
SPIDER has flexor muscles but no extensors; uses 
earthworm inches for fluid pressure to straighten leg 
ward. 

[he musculoskeletal system of the spider looks more conventional; but 
here, too, says D. A. Parry 
role. Writing in the Imperial Chemical Industries publication Endeavour, 


of Cambridge Univ, hydraulics plays in important 


he points out that fluid pressure as well as muscular action help the spider move 
Blood pressure in this bug’s hinge joints increases as the joint is extended 
and there is a definite relationship between blood pressure and hinge-joint 
torque at different angles of extension. At rest, the pressure is about 5 cm 


Hg; but the spider increases it to about 40 cm in periods of great activity 


Safety on ice 


Want to be a “Winter Winner’? National Safety Council will tell you how 
in two new booklets, based on actual road-safety tests of winter driving 
Che booklets chart the effect of temperature on braking distance, tell how 
much chains help, and provide checklists for prewinter tuneups. Single copies 
of the booklets, Keep Rolling With Safety and Be a Winter Winner, are fre¢ 
from NSC, 425 N Michingan Ave, Chicago 1] 


It's element-ary 


\ card game of the chemical elements—complete with wall-size periodi 
table; a deck of cards 
makeup, valence, and physical properties; and an informative handbook—is 
now available from Science Materials Center, 59 Park Ave South, New York 


object being to acquire cards that 


packed with information on atomic weight, nucleai 


[he game is played much like rummy, the 
with isotope pairs counting extra 
$3.95 ARG 


run consecutively in the periodic table, 


All the elements so far identified are represented. ‘The price 
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LEXAN 


POLYCARBONATE RESIN 


HAS ALREADY 
SOLVED DESIGN 
PROBLEMS 

IN OVER 3O0O 
COMMERCIAL 
APPLICATIONS 


| oT \ 








NOW TWO GENERAL ELECTRIC 
GIVE YOU |EXAN THERMOPLASTICS 
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HOUSINGS OF LEXAN thermoplastic protect riding lights 
on the trailing edges of Lockheed’s F-104 Starfighter. The transparent 
resin withstands high friction caused by speeds of 1500 mph, thanks to 
its exceptional resistance to wear and heat. The material can take high 
altitude cold. (Housings molded by Crescent Mold Engineering Corp., 
N. Hollywood, Calif.) 


’ at) 
a 
BLOWER COUPLINGS for radar unit are tough, flame 
resistant give smoother air flow than could formerly be obtained with 
brass fittings. Fabricated of LEXAN polycarbonate resin, they withstand 
cycling from —54°C to +54°C under humid conditions. They are inex 
pensively vacuum-formed, allowing considerable savings in machining 
costs. (Used by the Tracking and Acquisition Radar Equipment Section of 
General Electric Company, Syracuse, N. Y.) 


CARD GUIDE requires molding to close tolerances and minimum 
change in dimensions during service. Molded of LEXAN resin, the part 
shows excellent dimensional stability under varying conditions of mois 
ture and at high temperatures. LEXAN resin is self-extinguishing—im 
portant in this application. (Molded for International Business Machines 
Corp. by Consolidated Molded Products Corp., Scranton, Pa. and Quinn 
Berry Corp., Erie, Pa.) 


G.E. OPENS NEW LEXAN PLANT 


Now, only G.E. offers two-plant flexibility in polycarbo- 
nates—a commercial plant and a semi-works plant for 
continued research and development in polycarbonate 
resins. The new plant, at Mount Vernon, Indiana, meets 
the increasing demand for LEXAN resins. The additional 
capacity, amounting to millions of pounds per year, makes 
General Electric the largest supplier of polycarbonate 
resins in the United States! 

Pioneer in polycarbonates G.E. has cooperated in the use 
of LEXAN resin in over 300 commercial applications. You 
can draw on this experience through G-E Technical Serv- 
ice. For a complete rundown on properties, uses, design 
considerations, molding and fabricating tips — send for 
LEXAN technical literature—the most complete literature 
on polycarbonates available! (Coupon on page after next 


LE XAWN —for designs that demand exceptional prop- 
erties. If you want high strength and heat stability in a 
thermoplastic, use LEXAN polycarbonate resin. So tough 
is this material that it can actually be cold-formed and 
coined like a metal. It withstands over 12 foot-pounds per 
inch of notch—an impact strength attained by no other 
plastic. At the same time, LEXAN resin gives you a heat 
distortion point as high as 290°F! These properties are 
combined with outstanding dimensional stability, low 
water absorption, good electrical characteristics and other 
advantages. 

LEXAN resin can be injection molded, extruded, va- 
cuum formed, machined and bonded. It can be made into 


high-precision moldings, sheet, rod, tube, filament. 


IMPELLERS molded of LEXAN resin replace bronze in jet pumps 
Outperforming metal, LEXAN resin gives exceptional impact strength 
plus ability to withstand 280°F without distorting. LEXAN impellers with 
stant abrasive wear better than bronze and are unaffected by water or 
dilute acid. Impeller halves can be separately molded and then solvent 
cemented. (Molded for Sta-Rite Products, Inc., Delavan, Wis. by Modern 
Plastics Corp., Benton Harbor, Michigan, and Santay Corp., Chicago, III.) 





POLYCARBONATE PLANTS 
TO SOLVE PROBLEMS LIKE THESE 


EMERGENCY-BRAKE BUSHINGS of LEXAN resin 
help trucks come to a safe stop. Before LEXAN bushings were used, the 
hole for the piston at the end of the activating cylinder quickly wore 
oblong, allowing road dirt to enter and cause leakage of the inner seal 
The plastic’s resistance to wear, heat and grease makes it ideal for this 
critical use. (Brake manufactured by MGM Brakes, Inc., Cloverdale, Calif 
Bushings by Automatic Plastic Molding Co., Berkeley, Calif.) 


INSULATOR BLOCK of LEXAN resin helps insure trouble 
free performance of electrical counter. Not much bigger than a dime, the 
part must maintain severe tolerances. It takes —85° to +280°F without 
distortion. The dimensional stability of LEXAN resin lowers cost of the 
part, permits replacement of materials which required costly machining 
to attain accurate dimensions. (Molded by Fred Knapp Engraving Co 

Racine, Wis., for Abrams Instrument Corp., Lansing, Mich.) 


LAMPHOLDER TERMINAL BLOCK is used inside 
electronic equipment where heat is difficult to dissipate. LEXAN poly- 
carbonate resin replaced another thermoplastic which melted under 
severe thermal conditions. The part is molded with black resin and 
painted white in the lampholder holes. (Molded by Booker & Wallestad, 
Minneapolis, Minn. for Remington Rand Univac Div. of Sperry Rand Corp.., 
St. Paul, Minn.) 


COIL FORM must not distort at temperature above 200°F under 
stresses caused by tightly wound wire. LEXAN resin provides heat dis 
tortion temperatures of 280-290°F under load. A good dielectric, LEXAN 
resin is resistant to oxidation at high temperatures and is non-corros've 
even when used with very fine Class F magnet wire. (Molded for Sigma 
Instruments, Inc., So. Braintree, Mass. by Waterbury Companies, Inc 
Waterbury, Conn.) 


FUSE HOLDER CAPS make use of the transparency and 
heat resistance of LEXAN polycarbonate resin. Lamp shining through 
LEXAN cover indicates blown fuse. Plastics previously used softened 
under the high temperature encountered in naval equipment. LEXAN 
resin was also selected for its good dielectric properties in the holder 
which is rated up to 600 volts and 60 amps. (Molded by B&B Plastics, 
Oakville, Conn. and Engineered Plastics, Inc., Watertown, Conn. for Fuse 
Indicator Corp., Boston, Mass.) 


“WARHEADS " for pneumatic tube systems take advantage of 
the high impact strength and dimensional stability of LEXAN resin. The 
good electrical properties of the thermoplastic permit placement of all 
electrical control elements in the head. LEXAN resin resists wear and tear 
and saves cost of repair and replacement in these parts, which undergo 
friction at speeds as high as 20 mph. (Molded for Airmatic Systems Corp., 
Saddle Brook, N. J. by Berkeley Engineering and Manufacturing Co 
Berkeley Heights, N. J.) 





Property Value 





Color Light amber, transparent 
Specific gravity 1.2 
PHYSICAL Odor None 
PROPERTIES _/faste None 


Refractive index at 25°C 1.586 


Rockwell hardness M7( 118 

Abrasion resistance, Taber abraser with CS-17 wheel 7-11 mg/l O cycles 
Impact strength, notched Izod, 4” specimen 12—16 ft-Ib/in. of notch 
Impact strength, unnotched Izod a” specimen 60 ft-Ib/in 
Tensile-impact 600-900 ft-Ib/cu in 


Tensile yield strength 8,000—9,900 psi 
Tensile ultimate strength 9,000—10,500 ps 
Tensile modulus 320,000 psi 
Elongation 60-—100 
Compressive strength 11,000 psi 


Compressive modulus 240,000 psi 
Flexural strength 11,000—13,000 psi 
Flexural modulus 375,000 psi 
Shear yield strength 5,400 psi 

Shear ultimate strength 9,200 psi 


Light transmission g in. thick disc 

Water vapor permeability 10 g/cm/hr/cm?)mm Hg 
Nitrogen permeability cc(STP)/mm ‘sec cm m He 
Carbon dioxide permeability cc(STP) mm sec cm m He 
Bulk factor of pellets 


Poisson's ratio 

Modulus of rigidity 

Deformation under load, 4000 psi 77°F 
158°F 


Fatigue endurance limit (Wohler method 
cycles/min., 73°F, 50 RH 


Water absorption, 24 hr. immersion 
equilibrium 73°F ) 
equilibrium 212°F 0.58 





Heat distortion temperature 264 psi: 28 
Mold shrinkage 05 007 in. in 


THERMAL Thermal conductivity 4.6 x 10—4 cal/sec 


Coefficient of linear thermal expansion 9x 1c in./in 


PROPERTIES Flammability Self-extinguishing 


Brittle temperature 
Specific heat 


Deformation 
under load on 
5 in. cube 





ELECTRICAL Dielectric constant 
PROPERTIES 60 cycles 


10° cycles 
Power Factor 
60 cycles 
10° cycles 
Volume resistivity, ohm-cm 
Arc resistance 
stainless steel strip electrodes 
tungsten electrodes 





Dielectric strength, 3,91 mil at 1.5 mils 
v.imil at 3.0 mils 
560 v./mil at mils ( mil at 
1,130 v./mil at 23.0 mils 
400*v./mil at 125 mils The step-by-step values ore essent 
Resistance to electron beam radiation No change up to 5 x 10’r dosage | same as the short time values for the 
125-mil pieces 





Chemical Materials Department, Section PE 
General Electric Company, Pittsfield, Mass. 


Send me literature on LEXAN resin 
My application area of interest is___ 
Name 
Title 
Company. 


Address_ 





Perfect combination for 
radial and thrust loads 


pian 
= 


Torrington Needle Bearing 


SSS 
Torrington 
Needle Thrust Bearing 











For the big pull in tractor performance... 
Torrington Needle and Needle Thrust Bearings 


On the world-famous Massey-Ferguson Model 85 Tractor more than 40 Torrington 
Needle Bearings and Needle Thrust Bearings are used to smooth the transmission 
of power, operate the power steering, and to provide improved bearing efficiency 
and operation. 

One outstanding application is the drop axle gear set, pictured above. Here, with their 
full complement of small diameter rollers, two 254” shaft size Torrington Needle 
Bearings provide higher radial load capacity than any other bearings of comparable 
cross section. To handle the thrust load, a single Torrington Needle Thrust Bearing, 
with two races, is «sed to complete the bearing team. The result is smooth, efficient, 
reliable performance — at greatly reduced cost over bearing arrangements previously 
used in this type of application. 

The combination of Torrington Needle Bearings and Needle Thrust Bearings pays 
off wherever compactness and high bearing capacity are needed. For advice on your 
application, call on Torrington — maker of every basic type of antifriction bearing 


progress through precision TORRINGTON BEARINGS 





THE TORRINGTON COMPANY Torrington, Conn. « South Bend 21, Indiana 
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Why Name an Air Valve “Mach 2”? 


“Mach 2’ 
to industry 


is the name of a new Crescent" 
An identifying name is desirable for this valve to point up the new 


Air Valve now ready for distribution 


kind of performance it brings to air control and to distinguish it from the other 
I g § 


valves in the long-established Crescent® line, 


The new Crescent ‘Mach 2'' 4-Way Valve. 


(Half-inch pipe size shown.) 


A Breakthrough in Cycling Speed 


Actually these Crescent® “Mach 2” 
3-Way and 4-Way Air Valves represent 
a breakthrough, as the name suggests. 
For years a cycling speed of 600 to 700 
cycles a minute seemed to be the limit 
for solenoid pilot valves. The original 
Crescent 4-Way Valves attained that 
speed a long time before other valves 
even approached it. Now, the “Mach 2” 
has been tested and rated for 1000 
cycles per minute continuous duty. 
During a two-hour test at a speed of 
over 1500 cycles per minute the coil 
temperature stabilized at 7°C below the 
maximum code limit for class A coils. 
Cycling speeds as high as 2100 have 
been successfully reached for intermit- 
tent periods of 20 minutes. 


Brings New Dependability 


We realize that such high cycling 
speeds are seldom needed. However, 
speed and endurance seem to be 
Siamese twins. Here’s why: (1) Speed 
depends on an extremely short stroke 
of the solenoid plunger (3/32 of an 
inch—approximately the thickness of 
a nickel—in the new “Mach 2”). This 
greatly reduces coil heating and, as heat 
goes down, coil life expectancy goes 
up. (2) High cycling speeds demand a 
drastic reduction of friction in the 
solenoid and pilot valve section. In the 
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“Mach 2” pilot valve, a tiny ball seats 
on “O” rings at both ends of a pilot 
cartridge. The ball moves freely, inde- 
pendent of the seals. There is no “O” 
ring drag on the pilot plunger because 
it requires no seals; where there is no 
friction there can be no wear. 


Similarly, the main valve seats seal on 
“O” rings. Metal take the 
shock in such a way that the “O” ring 
seal is merely kissed by the seat in the 
sealed position; since they are only 
minutely flexed they don’t fatigue or 


shoulders 


lose their resilience. 
100 Million Cycle Guarantee 


Because of the short solenoid plunger 
stroke and the elimination of friction, 
there seems to be no limit to the endur- 
ance of the solenoid coils in “Mach 2” 
Valves. We back up this statement by 
guaranteeing the coil life for a mini- 
mum of For six 
years “Mach 2” Valves have undergone 
test. Valves have been placed in some 


100 million cycles 


of the toughest applications we could 
find to test their performance capabili- 
ties in actual service before introduc- 
ing them to the market. Some were 
installed in plants where they were sub- 
jec ted to very fast-evcling, continuous 
operation. Others have been operating 
where they are exposed to excessive 
dirt, dust and dampness, and in all cases 
the “Mach 2” Valves are performing 
flawlessly. In fact, some operators 
balked at having us remove them for 
inspection. To test the new waterproof- 
ing treatment of the “Mach 2” coils, 
one of the units was completely sub- 
merged in a container of water on 
April 26, 1959, and it is still function- 
ing perfectly. 


Crescent ‘Mach 2"' 4-Way Valve on a roofing 
paper machine. This machine operates 24 
hours per day, 7 days per week. 


Large printing press used to imprint cardboard 
cartons. ‘‘Mach 2"' 3-Way Valve controls spray 
nozzles which apply ‘‘offset spray."’ Production 
speed of this machine is 2000 cycles per hour. 





This Crescent ‘‘Mach 2"' 4-Way Valve operates 
the hopper doors at a cement batching plant. 
The valve has been operating at 1400 cycles 
per doy surrounded by dry cement. We actually 
had to dig the cement away from the valve to 
get a picture 


Write for the ‘‘Mach 2” Catalog 


Crescent® “Mach 2” Solenoid Pilot 
Operated Air Valves represent a sig- 
nificant breakthrough in “the cycling 
speed barrier’ and in valve life and 
operating dependability. We hope you 
will approve of the unusual name, 
“Mach 2.” We know you will approve 
of the low-cost, downtime-free per- 
formance the “Mach 2” will deliver on 
your tough jobs. Please write to 
Barksdale Valves, 5125 Alcoa Avenue, 
Los Angeles 58, California, and request 
an advance copy of the “Mach 2” 
Catalog. 
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YOUR BEST WORK REQUIRES CLEARPRINT 


CLEARPRINT 

Tracing Papers‘ have served the Engineering and Architectural profession since 1933, and the old- 
est tracings still serve our many friends today, as they have served for over 27 years. Clearprint 
Papers are watermarked for your protection. 

UNIFORMITY 

The Unchanging Character of CLEARPRINT Papers includes an ideal Ink and Pencil Surface—Per- 
manent Transparency—Outstanding Erasing as well as Handling—Reproduction and Lasting Quali- 
ties. To the above we have added—Clearprint does not discolor with age. 

ERASING QUALITIES OF INK AND 2H PENCIL LINES 

Drawn and redrawn—in the- same areas— prove CLEARPRINT’S unequalled erasing strength. 
Please hold our erased samples to the light and be convinced. 

PRINTING - HANDLING - AND LASTING QUALITIES 

The Files of our many friends prove that CLEARPRINT originals are not subject to cracks and 
creases—they yield copies of fine definition. 

CLEARPRINT’S VALUE TO YOU 

The small amount supposedly saved by buying a cheaper paper is surely of minor significance 
when compared to the value of the drawings involved. 

WE RECOMMEND 

No. 1015 for transparency * No. 1000H for regular tracings « No. 1020 and 1025 for replacing cloth. 
Please ask for erased samples. 


Me - 
chien ¢ em re | 


CLEARPRINT PAPER CO. 
1482 - 67th St., Emeryville, Calif. 


(0 Send me Clearprint Fade-Out samples, with prices, for the 
following uses: 


Name 


Zone__ State 


_ 
a 
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THE NEW M109 Ratiomotor (foreground) for horizontal right angie permits easy mounting in many positions. The NEW MW109 (in 
drives is furnished with 1/20 hp or .035 hp motor. Output speeds hand), for horizontal parallel drives, is also furnished with 1/20 hp 
range from 43.8 to 350 RPM. New standard mounting bracket show 035 hp motor. Output speeds range from 1.9 to 70 RPM. 


NEW Ratiomotors meet demand for 


NEw PRODUC Ts 


Now, you can get BOSTON Gear quality the big line of over 1600 BOSTON Gear 
and lasting economy in speed reducers for 100 Series Reductors and Ratiomotors 
drives as low as .035 hp. Two new units, and you can get it FROM STOCK. Catalog 
designed for space-saving, provide a wide No. 57, with the NEW PRODUCTS Sup- 
range of output speeds. plement, lists full information. Get your 

When you need worm-geared reducers, copy. Boston Gear Works, 71 Hayward St., 
you'll find any type and ratio you want in Quincy 71, Mass 


CALL YOUR i 
NEARBY ‘~ Ask Distributor for 


DISTRIBUTOR Ke nae Heneeets 


™ STANDARDIZATION PAYS = a 
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Ky GAMBLE solves problems with WOOD! 


PROBLEM: Ordinary industrial wood block flooring 
was breaking up rapidly at heavy-traffic spots like 
loading docks, intersections, and aisles. 


SOLUTION: Wood engineers at Gamble Brothers 
developed a laminated end-grain hickory block 
which lasts up to 10 times longer, despite punish 
ing loads that quickly break up ordinary flooring. 


PROBLEM: Tobacco conveyors required long orifice- 
forming slats whose dimensions would not change, 
even after use in a moisture-control operation in 
cigarette-making 


SOLUTION: Gamble Brothers designed a laminated 
slat of maximum dimensional stability, bonded by 
water-proof, heat-proof, non-taste-imparting ad- 
hesives. Our facilities enabled us to build the slats 
under environmental conditions identical to those 
to be experienced at end use. 


Design problems like these are “all in a day’s 
work” to the wood engineers at Gamble Brothers 


a unique organization designing and building a 
wider variety of wood products than any other 
uu. oe woodworking company. Today they're work 
ing in three principal areas: (1) improvement of 
present wood products (2) development of new 
wood products (3) product development in com 
binations of wood and other materials 


Why not present your design or component 
problem to Gamble Brothers? WOOD may be 
the answer! 


FREE booklet illustrates GAMBLE services 


This 28-page booklet de 
scribes Gamble facilities and 
services in detail. Includes 
many photographs of unusual 
products designed, tested 
and perfected by Gamble 
Brothers. Write for vour 
opy today! Gamble Brothers, 
Inc., 4617 Allmond Ave., 
Louisville, K 


If the problem involves wood, Gamble can help! 


GAMBLE BROTHERS, INC. 


4617 Alimond Avenue, Louisville, Kentucky 
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Now! Make any pushbutton station 


you want with new, completely versatile 
Cutler-Hammer oiltight pushbuttons 


Choose from a complete /ine of operators, 
get greater circuit flexibility than with any other make 


To meet today’s need for a broad range of because they use 40% less behind the panel 
oiltight pushbuttons, Cutler-Hammer gives space than the next smallest unit. 
you a new versatile line. Get all the facts by sending for the color- 
You can get these rugged proved push- ful brochure,"““MASTER DESIGN” which 
buttons in one hole or base mounting, tells you all about the Cutler-Hammer 
six bright colors. More than thirty dif- line. Ask for Pub. LO-104. 
ferent circuit arrangements are available wpnat's new at Cutler-Hammer? 
plus hundreds of varieties of stations in You can see the newness in the products 
standard arrangements of up to 25 ele- coming from Cutler-Hammer, like the 
ments. And you can get up to 8 circuits new smaller pushbuttons; in the new manu- 
on one pushbutton. The flexible oil resis- facturing facilities; in the new engineer- 
tant diaphragm behind the button is de-_ jng ideas. All to give you better service 
signed to stay soft and pliablepermanently. today and in the future. Contact the 
With Cutler-Hammer pushbuttons you nearest Cutler-Hammer sales office or 
can get more control in less space, too, your Cutler-Hammer distributor. 


WHAT’S NEW? ASK.. 


CUTLER- HAMMER zs 


Cutier-Hammer inc. Milwauke in rborne Instrum eonrTreo.t 
Hammer International, ry ciates ame fer Hamm J Me ana 





. 
q 
3 





NEW ILLUMINATED PUSHBUTTON. Newest addition to the versatile line. 





YOU CAN GET ALL THESE TYPES OF CONTROL UNITS 








. 


LEVER MUSHROOM Me), te) ROTO-PUSH STANDARD 
a > Le | =m 
. : Fe, \ 
‘ ‘¢ \ | r(( 
* 
y ' 4 Y y 4 ye _ ee 
RESISTOR LIGHT KEY TRANSFORMER LIGHT meler-\- 10) a8) PRESTEST LIGHT 





Titeflex, Inc., Meets 
Aircraft Fuel, 
Lubrication and 
Hydraulic Line 
Specifications 
with 


HANDY & HARMA 
BRAZE 941 


This Springfield, Massachusetts, manufac- 
turer of aircraft and missile fuel, lubrication 





Titeflex operator brazes assembly with torch and hand- 
fed Handy & Harman Alloy Braze 541. Titeflex ig 
unique in that it makes flexible hose assemblies from 
raw material to end product ‘From End to End, In 
side and Out, made RIGHT In Our Own Plant.” 


and corrosion is equally impressive. The 
composition of BRAZE 541 is 54% silver, 








and hydraulic lines finds that silver alloy 
brazing with Handy & Harman BrRAZzE 541 
meets rigid operating requirements “‘all the way down 
the line.” 

The tubing and fittings of many of the wide range of 
assemblies made by Titeflex are 321, 316 and 347 stain 
less steel and Monel. Brazing is a hand torch, wire and 
HANDY FLUux operation. 

BRAZE 541 is a plastic alloy which melts at 1325° ! 
and fiows at 1575° F. Its strength—in shear—at ele- 
vated temperatures is 21,500 psi at 500° F and 15,000 psi 
at 750° F. This alloy’s ductility in resisting stress and 
vibration is very high and its resistance to oxidation 


FOR A GOOD START: 
BULLETIN 20 _ 

This informative booklet gives a 
good picture of silver brazing and 
its benefits . .. includes details on 
alloys, heating methods, joint de- 
sign and production techniques 
Write for your copy 
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HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N. Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 


40% copper, 5% zinc and 1% nickel. It 
meets AMS Specification 4772 

Aircraft and missile component manufacturers and 
fabricators are finding—to their and their products’ 
benefit—that Handy & Harman silver alloy brazing is 
the full and final solution to their metal-joining problems 
BRAZE 541 is but one of a large family of Handy & 
Harman alloys, for both low and high temperature appli- 
cations. We would like to more fully acquaint you with 
BRAZE 541 and with the advantages that come naturally 
to silver brazing as a metal-joining (both ferrous and 
nonferrous) method. Handy & Harman, 82 Fulton Street, 
New York 38, N. Y 


Your No.1! Source of Supply and Authority on Brazing Alloys Offices and Plants 


Bridge rt. Conn 


Chicago, til 
Cleveland, Ohio 
Dallas, Texas 
Detroit, Mich 


Los Angeles, Calif 
San Francisco, Calif 
Toronto, Canada 
Montreal, Canada 
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*Johnson reel (Denison-Johnson Corp.); Imperial 8 radio ( 


eS 


Whrotn 


Admiral Corp.); Aqua Hone sharpener (Sun Enterprises, Inc.) 


IMPLEX in a man’s world 


IMPLEX, the high impact acrylic, goes where the tough jobs 
are... where great strength and rigidity, plus resistance to 
staining, are important selling points for a product. The 
fishing reel cover, transistor radio case and water-powered 
knife sharpener housing shown above* have rugged dura- 
bility because they are molded of IMPLEX. This Rohm & Haas 
molding material also provides an attractive appearance by 
imparting high surface gloss and rich colors. Our design staff 
and technical representatives will be pleased to help you use 
IMPLEX for your present and prospective products—to your 
advantage. Just write and tell us about a specific project. 


Chemi al for Ir 


Lu ROHM & HAAS 
COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA, 


In Canada: Rohm & Haas Co. of Canada, Lid., 
West Hill, Ontario 


IMPLEX is a trade mark, Reg. U.S 
principal | forer: gn cou? ré 


Pat. Office and n 


IM PLease 
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CASTELL 


#9000 CASTELL Pencil with world’s finest 
natural graphite that tests out at more than 
99% pure carbon. Exclusive microlette mills 
process this superb graphite into a drawing 
lead that lays down graphite-saturated non- 
feathering lines of intense opacity for 
cleaner, more durable originals and clearer, 
sharper prints. Extra strong lead takes 
needlepoint sharpness without breaking or 
splintering. Smooth, 100% grit-free consis- 
tently uniform pencil after pencil, in full 
range, 8B to 10H. 


#9007 CASTELL Pencil with Eraser. 
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HAND THAT 


LIGHTS 


SHAPES THE FUTURE 


UP THE PATHS OIF 

Man’s creative ability and the tools that help him express it! Fortunate are 
those who toil in the vineyard of architecture, engineering, designing and 
drafting. For a few cents they can buy CASTELL, the world’s finest drawing 
pencil, partner in progress the world over. This needs restating only for 
the benefit of the young now coming up in the profession. Old seasoned 
hands have known it for generations. CASTELL is an unquestioned fact in 
a creative man’s life. 


CASTELL rubberiess MAGIC-RUB ERASER soaks up graphite without abrading drawing surfaces, 
and residue rolls off. Leaves no “oil” stain or “ghost.” Tests highest in ease of use, line removal 
and non-smudging. Tests first on Cronar and Mylar base films. For all papers and vellums. 


#9030 CASTELL Refill Lead, matching 
exactly #9000 pencil in quality and grading, 
degrees 7B to 10H, packed in reusable 
plastic tube with gold cap, 

Many other styles and colors of CASTELL 
Pencils ,Holders and Refill Leads. 


#9800SG CASTELL LOCKTITE TEL-A- 
GRADE Holder, perfectly balanced, light- 
weigh:, with new no-slip functional grip that 
lightens finger pressure without slipping, 
and relieves finger fatigue. Unique degree 
lead indicating device. 


A.W.FABER-CASTELL 41-47 Dickerson Street, Newark 3, N. J. 


—— 


——} _ AW FABER CASTELL oRAwinG REFILLLEAD 9036 
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Henry Dreyfuss: man in a hurry 





Dreyfuss talks design 


If you could get Henry Dreyfuss to sit still long enough for a caricature, the drawing would inevitably show 
him with his coat half on and briefcase in hand. Most likely, he would be on his way to the airport. He’s on 
the East Coast a third of his time, on the West Coast a third, and the other third in between. 

Henry Dreyfuss has been busy ever since he gave up scenery design in the late Twenties and helped pioneer 
the business that is now called industrial design. In the early days, he gave a new look to everything from 
hinges to pianos, cigarette lighters to tractors. Today he can look back on a career of redesigning vacuum 
cleaners and gas stations, bowling alleys and ship interiors, typewriters and dental equipment, magazine formats 
and military strategy rooms, plumbing fixtures and the Nike missile launcher. 


But Henry Dreyfuss is not one to look back. There are designs on his boards today that will influence our 


oor ‘ 


lives twenty years from now. ““Time,”’ he says, “is one of the designer’s big problems. A design assignment is 
often three years in development. The item may not be on the market for another three to ten years. After it’s 
introduced it will be in use for any number of years. In order to design that far ahead, our ideas have to be 
fresh, advanced and sprightly. It is a challenge to have to think as far ahead as we do.”’ 

One thing that goes a long way is the Henry Dreyfuss design credo, and it is all about people. “It says in 
effect,’’ Dreyfuss states, “that the item is going to be ridden in, sat on, looked at, talked into, operated or in 
some way used by people. If the point of contact between the product and people causes friction, we have failed. 


“On the other hand, if people are made safer, more comfortable, more eager to purchase, more efficient, or 





just plain happier—we have succeeded.’’ And succeed Dreyfuss does, by following this yardstick for effective 
industrial design: 1. Safety and convenience of use. 2. Ease of maintenance. 3. Cost, including tooling, pro- 
duction and distribution. 4. Sales appeal. 5. Appearance. 

Selection of the right material for the job plays an important role in satisfying each of the five requirements. 
As a matter of ethics and sheer common sense, Henry Dreyfuss, like any member of the American Society of 
Industrial Designers, will not endorse any one material. ““We have worked with all materials. What we want 
is the material that is right for the job. We look for the material that combines reasonable cost with the ability 
to be fabricated economically, and at the same time will give the product the built-in quality and durability 
it needs to sell well.’’ With no-nonsense requirements like that, it is not surprising that a great many Dreyfuss 
designed products use steel in one way or another. 

Steel has strength, integrity and honesty. Steel is what the designer is apt to call a ‘natural.’ Dreyfuss feels 
that the public’s image of steel depends largely on the product itself. A massive steel vault door conjures up 
an image of strength, imperviousness. Stainless Steel tableware suggests style and modernity. Steel curtain 
wall panels give buildings the look of tomorrow. 


The moral is this: steel has been with us for ages, yet it is the modern metal, the metal of the future. Its 


enduring modernity will continue to be recognized, and used, by designers like Henry Dreyfuss. 


turn the page jor a neu look at steel 


United States Steel 


TRADEMARE 





COR-TEN Steel was developed by } 


U.S. Steel and first used in 1933. 


Dead weight in stationary 
structures is costly; in mobile 
equipment dead weight requires 
more power to move. 


USS High Strength Steels’ yield 
points are all 50,000 psi min. 
compared to 33,000 psi for 
structural carbon steel. 


Send for the manual described 
at the right for a comprehensive 
guide on how to design with 
high strength steels. 


MAN-TEN Steel costs only about 


20% more than structural carbon steel ; 


TRI-TEN Steel about 36% more, 
and COR-TEN Steel 42% more. 





designing with High Strength Steels 
g 


Good design goes beyond material selection. Once the choice has been 
made, the designer’s job is to take full advantage of the material’s 
properties. Few materials offer designers as much opportunity as 
high strength steels. 


USS Cor-TEN Steel is a name that has become a byword in design 
circles. It is a time-tested, high strength low-alloy steel. Structural 
designers welcomed Cor-TEN Steel because it allowed them to pare 
dead weight and to lower maintenance costs. As structures, mobile 
equipment and machinery got bigger and bigger, dead weight. became 
more of a problem. Even when weight could be shaved without stress 
problems, durability suffered. This high strength steel answered both 


problems. 


Strength did it. Cor-TEN brand and other USS High Strength Steels 
have a 50% higher yield point than structural carbon steel. They 
permit as much as 33% weight reduction. They have superior resistance 
to atmospheric corrosion and abrasion, so there is little reason to over- 
design. Their fatigue and impact properties are excellent. Here is a 
quick look at three well-known USS High Strength Steels: 


USS Cor-TEN Steel has a yield point 50% greater than structural 
carbon steel, has four to six times its resistance to atmospheric corro- 
sion. It is used to do any one of these three things: 1) in slimmer 
sections to cut weight at no strength loss; 2) in equal sections to increase 
load-carrying capacity, cut maintenance and lengthen life; and 3) any 
number of combinations of 1 and 2. Cor-TEN Steel also has greatly 
superior paint adherence and is used where a longer interval betweer 


repainting is wanted. 


USS Tri-TEN Steel, with its 50% higher yield point than structural 
carbon steel, has superior notch toughness at low temperatures and 
keeps rugged equipment operating even in sub-zero weather. Its high 
endurance limit makes Tri-TEN Steel ideal for mobile equipment that 
must take repeated loading and reversals of stress. It is a natural for 
welded structures and bridges. 


USS Man-TEn Steel also has a 50% higher yield point than structural 
carbon steel, and is the low-cost member of the family. Weight reduc 
tion as little as 17% with MAN-TEN Steel will save money on material 
cost alone. MAN-TEN Steel is a tough, durable steel and widely used in 
earthmoving equipment, truck frames, material handling apparatus 
and riveted bridges. 


High strength steels represent but a few of the over 3000 grades 
of steel in existence today. United States Steel makes a com- 
plete line of high strength steels, as well as constructional alloy, 
stainless and carbon steels. Bring your design problems to us. 


United States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 
USS, COR-TEN, MAN-TEN and TRI-TEN are registered trademarks 


Watch United States Steel's 
special Christmas show, The 
Coming of Christ, in Color 
on NBC-TV, Wednesday, De 
cember 21, 8:30 P.M., E.S.T 


(ss) United States Steel 
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Here’s a book that is in the hands of 
thousands of engineers and designers. 
Itis your guide to the design of lighter, 


stronger equipment and structures. 


Cranes have to operate in all- 


design manual for 
suntenk to chune ond cheek i i ae high strength steels 


That's why many of them are 
made of tough TRI-TEN Stee! 
TABLE OF CONTENTS 
Preface 
List of Symbols 
Light standards stay good looking for High Strength Steels 
years because of COR-TEN Steel's Engineering Considerations 
outstanding atmospheric corrosion Fundamental Characteristics 
resistance. Paint life is extended. Tensile Strength 


Slim design is made possible by Yield Point 


: Fatigue Resistance 
OR-TEN Stee! t h. 
C ears Cwenge Notch Toughness 


— Abrasion Resistance 
Corrosion Resistance 


Formability 
@a Amenability to Welding 
“ =f | | 


< : Applications 
<n Ts . ; , 
= <A “es 7 Economics of Application of High Strength Steels 
eee wa b . AILS USS High Strength Steels 
gies ie yf 9 9 
cf PP Tie tok — _ 


Design Considerations for High Strength Steels 


3 r FES . 
; A ; . 
— | — | Working Unit Stresses 


ae Tension 
— Compression 
Axially Loaded Columns 
TRI-TEN Steel has cut weight and cost of dozens Eccentrically Loaded Columns 
of major bridges. In the bridge shown here, Flat Plates in Edge Compression 
TRI-TEN Steel saved a quarter of a million dollars. Interaction of Fiat Plate Elements 
Effective Width of Flat Pilates 
Stiffened Fiat Plates 


7 Kies” 2a, inl Pr end 
Tn alt ae 
Pe ~~ ae s: S 


Shear 


Rivets 
Fiat Plates in Shear 


Stresses in Beams 


Local Buckling of Compression Flanges 
Lateral Buckling of Beams 
Web Buckling 
Web Buckling Due to Compression 
Web Buckling Due to Shear 
Combined Compression and Transverse Loads 


Deformation and Deflection 
Beam Formulas 


Formed Sections 
Designing Against Corrosion 
Appendix 


Beam Formulas 
Characteristics of USS High Strength Steels 
Bibliography 


One of the first applications MAN-TEN Steel, used in 
of COR-TEN Steel was in truck frames and body mem- 
hopper cars for weight re- bers, reduces dead weight 
duction and longer life. To- and increases payload. 

day, use of COR-TEN Stee! 

can save hundreds of dollars 

over the life of a car. 


United States Steel 
Room 6151 

525 William Penn Place 
Pittsburgh 30, Pa 


Please send me “Design Manual! for High Strength Steels 
Name 


Title 


The LPG cylinder business uses considerable 
amounts of MAN-TEN Steel because of its Company 
strength, cost and ease of fabrication to lighten 


the weight. 
Q Address 


Sees! This mark tells you a product is 
made of modern, dependable Steel. City Zone State 





NEW FROM HANNIFIN 
THE THOUSAND POUND LINE! 


for hydraulic circuits 
using 1,000 p.s./. pumps 


—_ 

= 
Z 
S 


z 
= 


Now, for the first time in hydraulic cylinder manufacture, Hannifin offers 
a top quality cylinder tailored to the medium-high-pressure hydraulic 


o A true hydraulic cylinder circuits you operate off 1,000 p.s.i. pumps. 


— not a modified air 
Series “L,’’ the ‘Thousand Pound Line,”’ is NOT a modified heavy duty 
air cylinder. Itis built for the job... with steel heads and steel barrel for 
full compliance with J.1.C. hydraulic recommendations. Other extra- 
quality features include an induction hardened and hard chrome 
— 1” through 8” plated rod, nodular iron piston with cast-iron piston rings — leakproof 
“Lipseals’,”’ optional — longer cushions on cushioned models, and 
e Every model withstands at the Hannifin-developed bronze cartridge gland with both “Lipseal*’’ 
s and ‘“‘Wiperseal’’ to keep the rod drip-free. S.A.E. straight thread ‘‘O”’ 
ring ports as recommended by J.I.C. are optional at no extra cost just 
as they are in the Hannifin heavy duty Series ‘“‘H’’ hydraulic cylinder. 


cylinder 


e Offered in nine bore sizes 


least 1,000 p.s.i. in every 


bore size 


Parker-Hannifin field engineering service can help you meet your needs 
precisely, help you select the proper Hannifin cylinder for any service, air 
or hydraulic. Call your nearest Parker-Hannifin sales office or write direct 
for our new bulletin giving all dimensions of Hannifin Series ‘‘L’’ cylinders. 


* Built to sa ve you money 


— yet not “built to a price” 


ARKER Cee eee 
ANWNIFIN A DIVISION 


CORPORATION 


525 South Wolf Road « Des Plaines, Illinois 


Preumaric ano HyorRaAutic SYSTEM COMPONENTS 
4 


3077-PB 
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Gasket engineering 


LATHE-CUT RINGS 
MOLDED O-RINGS 


Lathe-cut cork-and-rubber rings are compressible. They often permit 


wider tolerances in the flanges 


. Opening the way for worthwhile 


savings in machining time. And their initial cost is lower. 


If you now use molded rubber O-rings, 
chances are you can reduce costs con- 
siderably by changing to lathe-cut rings 
of Armstrong cork-and-rubber mate- 
rials. At the same time, it may be pos- 
sible to effect savings in machining 
time and inventory costs. Here’s why. 
A molded O-ring can cause sealing 
problems if the ring is not exactly the 
right size in cross section. If the ring is 
too small, it will not seal. If it is too 
large, it will prevent flange contact. 


The reason, of course, is that rubber 


ing time. In some cases, a reduction of 
inventories may be possible because 
one size of cork-and-rubber ring may 
work where two or more molded O- 
ring sizes might be required. These 
economies, of course, are in addition 
to the lower first cost of lathe-cut rings. 


Cork-and-rubber O-rings give the 
imperviousness of rubber, since the 
rubber binder encloses each cork par- 
ticle in a continuous matrix. The tem- 
perature limits of cork-and-rubber ma- 
terials vary with the composition of 


Figure 1. Rubber is non-compressible. Under pressure it flows laterally—does not 
decrease in volume. Cork is truly compressible. It exhibits no lateral flow under 
pressure. Cork-and-rubber gives controlled compressibility. Lateral flow can be 
controlled by varying the composition of the material. 


is non-compressible. Under pressure it 
flows laterally, but does not decrease 
in volume. As a result, rubber O-rings 
must be made to very close tolerances 
to allow a perfect fit between flanges. 

Lathe-cut O-rings of cork-and-rub- 
ber compositions offer a’ number of 
advantages over molded O-rings. In 
such compositions, the compressibility 
can be controlled. The material can be 
made nearly as incompressible as rub- 
ber. The per cent of compression for 
cork-and-rubber rings may range from 
20% to 33%. 

This means that wider tolerances are 
permissible with cork-and-rubber rings, 
since the lateral flow can be controlled. 
The result may be a savings in machin- 
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the material and the contained fluids 
to which they are exposed. In general, 
continuous operating temperatures 
should not exceed 300° F. 


The solvent resistance of cork-and- 
rubber compositions is comparable to 
straight synthetic rubbers of corre- 
sponding base polymers. For example, 
cork-and-chloroprene-type synthetic 
rubber is normally used with lubricat- 
ing oils and for general purpose appli- 
cations where some swell is desired or 
can be tolerated. 


Figure 2. If O-rings made of incompres- 
sible rubber are slightly oversized, the 
joint will not close. Compressible cork- 
and-rubber rings may be cut to full 
channel width and from 20% to 33% 
deeper than the channel. 


Cork-and-nitrile-type synthetic rub- 
ber provides good gasoline and aro- 
matic-solvent resistance and has less 
tendency to swell or stick on metal 
surfaces. 

If you have a problem with O-rings, 
perhaps we can help you. Send com- 
plete details of your application to us. 
And, for a free 
copy of our Gas- 
ket Design Man- 
ual, containing 
detailed infor- 
mationongasket [= Ieiy 
design and selec- MANUAL 
tion, write Armstrong Cork Company, 
Industrial Division, 7112 Irvin Street, 
Lancaster, Pennsylvania. 


GASKET 


(Armstrong GASKET MATERIALS 
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NEW 
MODEL? 
NEW 
PRODUCT ? 


NOWS THE TIME TO EXPLORE 
NEW SAVINGS WITH DELCO MORAINE 
SINTERED METAL PARTS 


@ DELCO MORAINE 
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How to design SALES 


4 


Why THE CONVEYOR CO. 


ENGINEERING ADVANTAGES... 


"We specified International equipment because of its excellent repu- 
tation and ready acceptance by our customers.’’—W. E. SAXE, 
President and Chief Engineer, The Conveyor Co., Los Angeles, Calif. 


Here’s another successful manufacturer who has a strong 
preference for International Power: “During the early design 
and testing stages we had the help of International’s engi- 
neering staff for installation problems or proper application 
of power; says Mr. Saxe. “Our latest model features a com- 
pact, space-saving IH Model UC-60 engine mounted in the 
rear to power the sweeper mechanism. This is a simple instal- 
lation, easy to service and repair’ 

International’s wide range of power sizes, with features for 
extreme adaptability in every size, presents a choice to 
match most power requirements. A conscientious engineer 
considers parts and service coverage, ease of maintenance, 
and reputation of the manufacturer as well as engineering 
advantages. With International, you can design sales power 
and superior engineering into your product. 


SALES POINTS... 


“The complete acceptance of International engines by our 
biggest users is a wonderful sales asset.’’—W. T. LARSEN, 
Sales Manager, The Conveyor Co. 


Men who sell the Mobil Sweeper line are convinced of 
the profit-building, sales-clinching advantages of 
International engines. Here’s how Mr. Larsen puts 
it: “We are able to show sanitation departments and 
government agencies many examples of years of 
trouble-free performance and economical operation 
of IH engines on Mobil Sweepers. This acceptance is 
world-wide. Our customers in Iran, South Africa, Japan 
—anywhere in the free world—know that engine service 
help is only a few hours away!” 

Smart salesmen know that most customers back up 
an engine choice with years of experience. And years 
of experience, as reported by users from coast to coast, 
prove the value of International Power in heavy-duty 
equipment. 





POWER into Your Products 


specifies INTERNATIONAL POWER... 














International UB-264 gasoline engine delivers 111 hp @ 
2,800 rpm, provides perfect power for the Mobil Sweeper shown 
at left. There are 35 carbureted and diesel engines in the Inter- 
national line— 16.8 to 385 max. hp. 


CUSTOMER ACCEPTANCE... 


“Our city equipment must be efficient, safe, dependable and 
long-lasting. IH-powered Mobil Sweepers meet these re- 
quirements.” —R. G. BARHITE, Director of Public Works, 
City of Downey, Calif. 


“Our first Mobil Sweeper proved itself in 34,000 

sweeping miles, as have other Mobil Sweepers in 

neighboring towns? reports Mr. Barhite, shown at right 

with Street Superintendent Mel Harldson. “Our new 

model, also with International power, is doing an ex- : 

cellent job!” INTERNATIONAL’ 
International’s three-way advantage of wide power 

selection, complete parts and service coverage, and 

long, trouble-free service life creates a product pref- 

erence that today’s sales-conscious engineer demands. 

Find out today how sales power can be built into your 

products. Call or write to International Harvester Co., International Harvester Co., 


Engine Sales Dept., Construction Equipment Division, 180 North Michigan Ave., Chicago 1, lil. 
Melrose Park. Ill COMPLETE POWER PACKAGE 
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Who counts ’em? 
CAMBRIDGE does... 


. . . because exact mesh count and mesh 
size are the trademarks of Cambridge 
INDUSTRIAL WIRE CLOTH. 


But, quality isn’t the whole story. When 
you call Cambridge for industrial wire 
cloth, you also get service . . . prompt 
answers to your inquiries . . . quicker 
deliveries . . . and an experienced Field 
Representative who follows up your order 
to make sure our product is giving you 
the best possible service. Let us quote 
on your wire cloth needs. We manu- 
facture wire cloth from any metal or 
alloy—including titanium—in nine basic 
weaves. Very likely, we have what you 
require in our warehouse right now. For 
samples or more information, call your 
Cambridge Field Engineer...he’s listed in 
the yellow pages under ‘‘Wire Cloth’’. Or, 
write for FREE 94-PAGE CATALOG. 


The Cambridge 
Wire Cloth Co. 


Department P e Cambridge 12, MD. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 























bine 
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Here is an example of Schrader at work. Barrett Mfg. Co. of Houston, Texas, 
makes grease handling equipment for Mobil Oil’s Brooklyn, N. Y., refinery. 
This machine fills 35 pound grease drums automatically accurately, 15 per 
minute! George Barrett, who designed and built this machine and other ma- 
chines for Mobil, says: “My reputation for quality is too hard-won to risk by 
using some inferior line of air products.” 























CYLINDER 


MEASURING 


| VALVE. OPFEMED 
BY FLDATING 
| PISTON 




















DOTTED RED LINES 
SHOW PATH FOR 
FILL HT-HAND 


CONTAINER 
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AIR SUPPLY 


sore le CYLINDER 
OPERATES BOTH 
GREASE VALVES 


3-WAY 

ne VALVE 

OPENS WHEN 
CONTAINER IS In 
PLACE TO BE 
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PACKAGING EQUIPMENT MAKER DESIGNS 
MACHINES TO ORDER...AUTOMATES THEM 
100% WITH SCHRADER AIR PRODUCTS 


In limitless combinations, Schrader Air Products are per- 
forming thousands of jobs in thousands of plants. Wherever 
jobs are messy, tricky, heavy, monotonous or complicated— 
it pays to talk to Schrader. 

Air is already available to you. Put it to work—on your 
own operations, or on the equipment you make for resale, 
like the company shown above. Just tick off its advantages: 


high speed and accuracy, low cost and maintenance—plus 
safety, simplicity, dependability. Air can do almost anything 
fingers can—and many things fingers can’t. 

Both you and your customers want these benefits. Get 
them — and offer them — by actuating with Schrader 
finest, most complete lines of Air Cylinders, Valves and 
Accessories. 


Select from the full Schrader lines to plan your automation of machines. Your 
Schrader distributor can help you pinpoint what you need. For more data, write: 








odivisionof SCOVILL 


A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 
477 Vanderbilt Avenue, Brooklyn 38, N. Y. 








QUALITY AIR CONTROL PRODUCTS 
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This New V-Bel?t Drive 


Saved the Heil Co. $40 
on every Dehydrator Unit 





When Cyclo-Matic Dehydration Units were recently rede- 
signed for greater flexibility in handling different kinds of 
materials, The Heil Co. engineers decided to incorporate 
separate motors to drive the main fan and cooling fan, the 
compressor pump, oil pump, and revolving drum, all of 
which had previously been driven from one motor. 


With the greater number of drives involved, The Heil Co. 
engineers called in a Gates Representative to see if any sav- 
ings were possible on drive costs through use of new Gates 
Super High Capacity V-Belt Drives. Here are the savings 
that were realized... 


SAVED COST: On the original main drive alone, cost of 
conventional-type drive was $128.30. On the new main 
drive, Super HC High Capacity Drives cost only $88.26 


ucts. You can do the same —just by contacting your 
Gates Representative. 


—a saving of $40.04 on each main drive! While cost 
savings on auxiliary drives were not appreciable, addi- 
tional benefits were reaped here through... 


SPACE AND WEIGHT SAVINGS: Up to 62% saving in 
space, and as much as 32% saving in weight, have been 
realized over and over — not only by The Heil Co., but 


by hundreds of other manufacturers who have put Gates 
Super HC High Capacity V-Belt Drives on their prod- 


The Gates Rubber Company, Denver, Colorado 


CF o\ 


AVAILABLE NATIONWIDE— Gates Super HC High Ca- 
pacity V-Belt Drives are stocked in key industrial centers 
throughout the United States and Canada. You'll find 
your nearby Gates Representative listed in the Yellow 
Pages of your phone book. Ask him for your free copy 
of The Modern Way To Design Multiple V-Belt Drives. 


World's Largest Maker of V-Beits 


ae 


Gates SuperZHCSV-Belt Drives 
a 
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same hp capacity 
in smaller package 


TPAS40 
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Some Ideas 


“A picture of 
like that well 


A gr iph can be defined as 
Often 


watercolor, a 


a collection of facts.’ 
graph ts 


figures. 


Chinese 
worth a thousand words 


known 
or 
There's no question that graphs speed up 
comprehension. In some cases, no other 
the subtle interaction 


It's 


way exists to show 
of statistics and data except by graph 
no wonder that legions of engineers, archi 
tects, scientists and businessmen rely on 
graphs and charts to give them the com 


plete information they need 


The big wonder is that more don't know 
and take full advantage of the fabulous 
variety of graph papers available from 
K&l f 


and 


a crusade with us 
of 


illion plus graph sheets ago) 


This is sort of 


has been ever since the turn the 


century (a 


Just The Right Sheet For You 
The graph sheet shown below is just one 
of thousands of job-matched papers made 
by K&l 


evolved to solve specifi 


These are grids and patterns 


needs. [he chances 
are roughly 1000 to | that we have exactly 
the paper the 


vou need to chart talustics 


r------------- 


for your file of practical information on 


graph papers 
———-——— ——- KEUFFEL & ESSER CO.-— 


Choosing That ‘Right Sheet" 
What is the graph paper that will do the 
best job for you? (Actually. there may be 
than one — dozens perhaps.) We 
could answer that here, but we've already 
so in a brand new edition of our 

KA Graph Sheet Catalog Not 
does this catalog guide you in the 


more 


done 
famed 
only 


selection of the sheets you need. it shows 
often full size, in color the pat 


terns in question 


you 


We've printed an ample supply of this new 
atalog, and are prepared to send you your 
ree 


copy Just return the coupon below 


What Makes Graph Papers 
Different ? 
a wide gulf of quality 


I here's in graph 


Only the finest sheets can 
plish the complex. 


That's why we hi 


iccurate 
designed for 
important features 


PRINT. Every K&E Graph Sheet 


was printed from precision-engra\ 


by the /etter-press process Offse 


pr 


to our way of thinking, relies unduly 


the vigilance and skill of the prin 


ation from lot to lot ts a distinct 7 
We have 
the only nufacturer of 


we re m 


PAPER. All K&l 
or opaque 
least SO% 
100 


rag content i 


Every foot of tt 


in 


square 


examined our quality contré 
being sent to 
means that 


and long 


the printer 
djustment 


fore 
paper 
whict 


accuracy ife 


tant to so many people 


PACKAGE. Locating graph st 
if they re packaged in old 


envelopes where yo 


eel 
chore 
WES or 


what's inside. Especially true 


te! 


never taken that chance 


pri 


graph sheets —trar 
are printed on paper 


big variety of sheets. Solution 
ffered by K&E 


ige ol 
in front so you 


of your company or job papers more than you'd dream possible pack 
‘a ac ere 


eect MPa cattiicto tee Tain if window 


asa 


heet inside. In addition 


scripuon of the style 
color. typ 


ides of 


+ Sees ciepapes ry { oe 


_ RELATIVE MARKET ACTION = 
{individual Group in Relation ta 540 Stocks) olde: 


25) Group A 


Wed 
representative sampling of 


than 


like you to see this new p: 


more 
This 


returning the 


sheets you car 


immediate use too 1s 


56.) ..58_| for coupon bek 





typical stock market chart used to study relative 
behavior of 540 stocks over 20-year period. Two basi 

stocks, averaged, are plotted against market (figured at 
all-important slope of curve which far more tha ere 
vitality. No list of statistics matter how exhaustive 
here. This picture is possible with a 


able s glance. Here's a And for all the facts about graph pa- 
enter line is market 
of 25 and 50 individual 
Resultant chart shows 
tells the story of the stocks 


the relative interacti shown 


pers, and any other of the 9.000 prod- 


ucts made by K&E, see vour nearby» 


K&E 


reases no 


dealer. 
could give 


ns only 


don’t have what you want — if 
1000 to 1 bet 
working with you 
We've 
of for other customers 
Just recently it the U.S of 
Standards. We worked with them to devise 
two new sheets for recording the complex 


But if we 
that 


KEUFFEL & ESSER CO.., Dept. PE-12, Hoboken, N. J 


lose we'll gladly 


off by 


we 
Please send me your new gr package wilt I 


paper, and the latest K&E Graph Sheet ¢ atalog & Selectk 


to 


ate ph sheet 


this 


cre 


pay 


exactly what you need done 


thousands times 


Bureau Name & Title 


was 


C ¢ mpany 


heat reaction patterns of various insulating 


These two sheets are already Address 


in the electrical industry. 


materials 
“standards 
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Liquid flow through a cross section of a Malleable differential carrier 


For Performance-Tested Dependability ...Use ( Malleable 


Poinaa_—_ 


Molten metal flows evenly inte | parts of the mold, The more manufacturers know about Malleable cast 
then solidifies into pre-shaped parts with uniformly ings, the more they use Malleable to improve quality 
dependable properties throughout. Malleable iron and increase profits. Get the full story on Malleable 
castings will stand up under extremes of tension, im Contact any of the progressive companies that 
pact, torsion, shear, fatigue, wear, heat, cold, and display this symbol 

corrosion. They also offer maximum economy, are 

easy to work, and are versatile enough for parts 


ranging from a few ounces to hundreds of pounds 


, 
: c * 
STINGS ou’N 


For details on Malieable’s uniformity and reliability contact any company listed on the opposite 
page, or Malleabie Castings Council, Union Commerce Building, Cleveland 14, Ohio 





Malleable Castings... 


Uniformly Dependable All The Way Through! 


Section a Malleable iron casting . . . check it under 
the microscope. You will find it shows a similar 
microstructure all the way through . . . and, there- 
fore, gives you unvarying strength, toughness, and 
easy machinability. 


Structural uniformity in a typical Malleable casting is seen in these micro- 
graphs from thick and thin, center and near-surface areas of the automotive 
differential carrier shown in the color illustration. Samples are magnified 
100 times after 3% nital etch. 


Uniformity Assures 

Design Versatility and Easy Machinability 
Malleable’s structural uniformity and unvarying 
strength permit designs of any practical configura- 
tion based on the functional requirements of the 
part. The malleablizing process relieves internal 
stresses, and assures fast, problem-free machining. 


For Quality and Economy...Use 


For Service In Your Area Contact... MASSACHUSETTS 


The Proof Is In The Using 


The ultimate proof of a material’s quality comes 
from actual use by customers. Truck and car torsion 
arms absorbing millions of road shocks, vital tractor 
parts performing equally well in the Sahara and the 
Antarctic, and thousands of other applications pro- 
vide continuous proof of Malleable’s unexcelled 
uniformity and reliability. 


Free Assistance and Information 


Any member of the Malleable Castings Council 
will be pleased to assist you in making engineering 
decisions for effective use of Malle- 

able castings. For further informa- 

tion, call or write today to any of 

the companies listed below for Data 

Unit No. 103 “Uniformity’’, or 

Malleable Castings Council, Union 

Commerce Building, Cleveland 

14, Ohio. 


MALLEABLE 


Belcher Malleable Iron Co., Easton 


CONNECTICUT 

Connecticut Mall. Castings Co., New Haven 6 
Eastern Malieable Iron Co., Naugatuck 

New Haven Malleable Iron Co., New Haven 4 


MICHIGAN 


DELAWARE 


Eastern Malleabie Iron Co., Wilmington 99 MINNESOTA 


Northern Malleable tron Co., St. Paul 6 


ILLINOIS 

Central Fdry. Div., Gen. Motors, Danville 
Chicago Malieable Castings Co., Chicago 43 
Moline Malleable iron Co., St. Charles 

National Mall. and Stee! Castings Co., Cicero 50 
Peoria Malleable Castings Co., Peoria 1 

Wagner Castings Company, Decatur 


MISSISSIPPI 
NEW HAMPSHIRE 


NEW YORK 


INDIANA 
Albion Malleable Iron Company, 
uncie Division, Muncie 
Link-Belt Company, Indianapolis 6 
National Mall. & Steel Castings Co., Indianapolis 22 OHIO 


American Malleabie Castings Co., Marion 
Central bag Div., Gen. Motors, Defiance 
. tron Co., lronton Div., ironton 


IOWA 
lowa Malleable Iron Co., Fairfield 


Dayton Mal 


Albion Malleable Iron Co., Albion 

Auto Specialties Mig. Co., Saint Joseph 
Cadillac Matleable Iron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 


Mississippi Malleable Iron Co., Meridian 
Laconia Malleable tron Co., Laconia 


Acme Steel & Mali. Iron Works, Buffalo 7 
Frazer & Jones Company Division 

astern Malleable tron Co., Solvay 
Oriskany Malleable tron Co., Inc., Oriskany 
Westmoreland Mall. iron Co., Westmoreland 


Dayton Mall. iron Co., Ohio Mali. Div., Columbus 16 
Maumee Malleable Castings Co., Toledo 5 
National Mall. and Steel Castings Co., Cleveland 6 


PENNSYLVANIA 

Buck tron Company, tnc., Philadelphia 22 
Erie Malleable tron Co., Erie 

Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Matleable Iron Co., Meadville 
Pennsylvania Malleable Iron Corp., Lancaster 


TEXAS 

Texas Foundries, Inc., Lufkin 

WEST VIRGINIA 

West Virginia Mall. ron Co., Point Pleasant 


WISCONSIN 


Belle City Malleable tron Co., Racine 

Chain Belt Company, Milwaukee | 

Federal Malleable Company, Inc., West Allis 14 

Kirsh Foundry Inc., Beaver Dam 

Lakeside Malieable Castings Co., Racine 

Milwaukee Malieable & Grey tron Works, Milwaukee 46 
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Engineered by Tinnerman... 


One-piece SPEED CLIP* on O-Cedar Sponge Mop 


replaces 3 parts, eliminates riveting 


O-Cedar put the squeeze on high assembly costs 
when they redesigned their famous squeeze 
mop. The first money-saving step was to call in 
Tinnerman fastening experts. 


The result was a one-piece spring steel SPEED 
Curr which replaced three separate parts and 
eliminated a riveting operation. This new fastener 
locks itself in place on the squeeze plate, and holds 
it up and out of the way when snapped over an 
anchor tab provided on the mop base. Live spring 


action assures positive retention for full mop life. 


Assembly is faster, better and substantially 
reduced in cost! 

Savings and improvements like these can be 
made in your product with Speep Nut Brand 
Fasteners. If you’d like to have a Tinnerman 
FASTENING ANALYSIS made to help you find such 


savings possibilities, call in your Speep Nut rep- 
resentative. The service is free... you'll find him 
listed in the Yellow Pages and in Sweet’s PD File 
under “FasTeNERS.” Or write direct. 


TIN N ERMAN PRODUCTS, Inc. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


= —_—_— -—— ——_— — —— 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontaria. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecane Bundy GmbH, Heidelberg. 
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F— IICoINIE— E— F RINK 


ENGINEERING SLANG 


The Eskimo, I am told, has totally different words 
to mean wind, little wind, big wind, north wind. 
‘his is supposedly a characteristic of a primitive or 
rudimentary language, not of the highly developed 
ones of Europe, from which ours is derived. 

The Chinese language has no multi-syllable words, 
and each ideograph is actually a conventionalized 
picture meaning a particular thing. Thus, unless he 
knows each of several thousand ideographs, a Chinese 
cannot understand even simple scrolls. That is why 
the Chinese language is much more difficult than 
our 26-character alphabet and our polysyllabic words 
that make idea-transmission easy. 

How wonderful it is to have a smart and modern 
language, particularly for an engineer! All the rest 
of the industrialized world finds our words th« 
easiest to use, so ours is becoming the universal 
language of science and of engineering. 

here is, of course, the little matter of our clumsy 
and antiquated system of measurement to which we 
and the originating English cling. We're perfectly 
agreeable to world standards for measurement—as 
After all, aren’t we the most 
i1utomated, the most industrialized, so isn’t it easier 
for them to shift than for us? Our language and 
our measurement are so very well worked out that 
others can save trouble by changing. 

But can they? Are we really so sound? Take the 
engineering language as a case in point. Some of it 
shows the ravages of time. When we say “hob” 
do we mean a tool for cutting gear teeth or one for 
making a female die? When is a fixture not a jig, 
or an arbor not a mandrel? Is a burr a rough edge 


long as they are ours 
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or the rotary file to remove it! 
a tool, a cabinet, a box of cards, a line of men? 


And what is a file 


Or let’s consider our terminology for metals and 
plastics. The aluminum and magnesium alloys are 
clear enough; somewhere we quietly buried 
“duralumin” and tiptoed gently away. But the 
plastics are usually identified by tradenames even 
though we've forgotten “celluloid” and similar terms 
that were applied to early materials in this class 
We've even almost dropped “iron” because most of 
our uses are for steel of one kind or another—really 
iron with precise quantities of impurities, one of 
which is carbon in combined form. Here we copy 
the Eskimo. 

But consider man’s oldest working metal, copper 
What are “bronze” and “brass” but Eskimo words 
for special forms of copper? Architectural bronze 
nowadays is brass, as is hardware bronze; nickel silver 
contains no silver; aluminum bronze is more than 
90% copper and has no tin content. And remember 
gilding metal, Muntz metal, German silver, phos- 
phor bronze? Shouldn’t these rather romantic and 
historic misnomers be quietly laid to rest? Wouldn’t 
copper-123, or copper-H40 be a better, clearer system 
of nomenclature? 

Isn’t it time that some of our societies or standards 
groups surveyed this and similar archaic hangovers 
and came up with an understandable and efficient 
system? 

If we are going to be, as we claim, the interna 
tional apostles of clarity and efficiency, hadn’t we 
better make sure our engineering language is clear 
and understandable? 








CAMERON 


NUCLEAR 
FORGINGS 


THE MOST FROM METAL 


Highest physical properties, Minimum directional characteristics, Maximum uniformity and 


density, add up to the most obtainable from a given metal. Cameron’s unique forging processes 
make possible forgings of almost any metal attaining optimum properties in larger sizes and 
more intricate shapes than can be obtained elsewhere. Shown above are Incone! forgings for a 
i4- GATE VALVE BODY, 30” high, 31” long, weight 2000#. 14” CHECK VALVE BODY, 
26” high, 32” long, weight 2480#. PUMP CASE for DIG MAIN COOLANT LOOP ,47” O.D., 


32” I.D., 35” high, 51” long, weight 11,000#. These forgings, requiring the most from metal, 


perform critical duty on nuclear submarines. 
eu 
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design guide for... 


STAINLESS HONEYCOMB SANDWICH 
PANELS 


PRODUCT 
ee ed ed ad tl oe 


Brazed honeycomb panels have become the most sophis- 
ticated structural elements in modern high-speed aitr- 
craft. Here is an introductory article that gives the ba- 
sics of design, with emphasis on materials and practical 
details of construction. 


D Y POTTER, stoff engineer 
Aeronca Manufacturing Corp 
Middletown, Ohio 


Ss), ywn above are the basic elements of a brazed stainless 
sandwich panel: upper facing, welded honeycomb core, 
ind lower facing. Inserting a brazing alloy—in sheet or 
powder form—between these elements and brazing the 
sandwich in an inert gas atmosphere produces a structural 
lement with one of the highest strength weight ratios 
vet devised. 

Between the concept of a structure based on such panels 
ind the production of that structure lies a host of design 
problems—from materials selection to joint design. This 
introduction to brazed-sandwich-panel design discusses the 
most important of these problems and points the way to 


their solution 
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How honeycomb sandwich panel works 


The two key m f loading in structures are axial 
loading and bending. In axial loading, the most serious 
situation is compression, rather than tension, since buckling 
can occur. If a thin plate is loaded in edgewise compres 
sion, the load to cause buckling is inversely proportional 
to the square of the column’s length. Put lateral guides at 
the midpoint, and the critical load increases four times; 
put guides at the quarter points, the column is strengthened 
by a factor of 16. And so on 

When a honeycomb core is brazed to the thin plate, 
so many lateral guides are added that the effective column 
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I 
PH 15-7 Mo 
(TH 1050) 





STRENGTH VS TEMPERA- 
TURE. Curves give compari- (77 PH 
son of three popular semi- 
austenitic steels for brazed : ee 
honeycomb with two other su 
peralloys used for very high- 
temperature performance. 


(TH 1050) 


te AM 350 (SCT) 








ee, 





Other steels used include: 
Types 310, 321, and 347 stain- 
less, Inconel, AM-355, 19-9 
DX, Rene 41, M-242, and R- 





L-605 





235. 





Bes 
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(Haynes Alloy 25) 


























1000 
Temperature, °F 











Cell size SHEAR-MODULUS curves for unsupported 


core made from 17-7 PH alloy by Solar 
Aircraft Co are typical for the welded honey 
comb types listed in Table Il. Modulus 
curves shown here are for shear in the longi 
tudinal direction—parallel to the plane of 
the nodal spotwelds. 



































FATIGUE STRESS of brazed 





17-7 PH honeycomb panel 
should be held below 70% of 
ultimate facing strength, as 
shown by this fatigue run on 





a sandwich having 0.500-in.- 
thick, type 3-15 core brazed to 
0.010-in.-thick facings. Room- 
temperature ultimate strength 


timnto 





for 17-7 PH alloy averages 
about 200,000 psi (180,000 psi 
min.) in the TH 1050 condi- 
tion. 


Percent of 











50 





















































10° 


length becomes very small and the force to cause buckling 
becomes very high. The plate then tends to fail only 
when the compressive yield strength of the material is ap 
proached. Two plates, or facings, are used (a) to protect 
the fragile core, and (b) to provide strength under bend 
ing loads. The net result is a new, composite column that 
gets much of its edgewise compressive strength from the 
increased radius of gyration p. Since critical load is di 
rectly proportional to p’, such a design can be made highly 
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10” 
Cycles 


efhcient by choosing the proper combination of facing 
thickness and core-cell dimensions 

When panel is loaded in bending, core and brazed bond 
must be able to transmit shear from face to face. This 
fixes core-cell wall thickness and cell size 


Design equations 
Because of the composite nature of brazed sandwich 


panels, special design equations must be devised. Most 


PRODUCT ENGINEERING + DECEMBER 5, 1960 








TABLE I—BASIC DESIGN EQUATIONS FOR HONEYCOMB SANDWICH PANELS 





Description 


Equation . 





pint ecg hyn epcs nom under oo is quite 
imil aaa al buckli 
is P,, = > SET /¥) caoeat thek Goapenihe unkass raat ’ 
wich makes the “EI” term more complex. i 


Pa = 


“D 


PF PD 











«-(5)(i) 





_ _SPLA PLe 
~~ 39Db * 3h +o'G.b 





of these deal with buckling loads since the panels are 
constructed from thin sheetmetal: hence elastic instability 
becomes the usual mode of failure. Equations have been 
derived, and verified experimentally, for a great variety of 
loading situations—particularly those found in airframe 
design. Table I (above) lists the most common design 
equations that cover the majority of design problems 
Included are equations for core crushing under excessive 
local loads normal to the panel, as in flooring, and for 


beam deflection—often a limiting factor 
Materials and fabrication 


‘he precipitation-hardenable stainless steels are the most 
commonly used metals for high-performance brazed sand- 
wich panel—particularly where high operating temperatures 
are a problem. Among the desirable characteristics of these 
materials are the ease of forming the annealed material, 
ease of joining, and good corrosion resistance. High 
strength can be obtained by moderate-temperature (about 
1000 F) aging treatments, or by refrigeration plus aging 
treatments. 

Of these stainless steels, most emphasis in honeycomb 
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panel has been given to 17-7 PH, its higher strength modi 


fication PH 15-7 Mo, and AM 350. Aging for the first two 
steels is usually done at 950 F or 1050 F, hence the temper 
designation following the alloy designator: 17-7 PH 
(TH 950) or 17-7 PH (TH 1050). AM 350 is usually 
hardened by subzero cooling and tempering at about 850 I 
Resulting condition is termed SCT ibzero-cooled and 
tempered). 

These semiaustenitic steels a1 
with a fully austenitic type, A-286, and L-605, a cobalt 
base alloy. Commonly called superalloys, A-286 and L-605 


compared on facing page 


less sandwich from about 900 F to about 1800 


extend the usable upper temperature limit of brazed stain 
F 
' 


4)] 
these alloys are commercially available as facing shee 
ind as core material. 

Welded honeycomb core is produced in two principal 
ways. In one, a bundle of flat sheets of foil is built up 
Each successive sheet is roll-spotwelded to the previou 
sheet at alternating points. Spacing between these weld 
points determines cell size, because the actual honeycomb 
is formed by pulling the top and bottom sheets apart 
Thickness of the core is established b tting th 





TABLE ll—PROPERTIES OF STAINLESS HONEYCOMB CORE MATERIAL 
(square-cell, welded core of PH 15-7 Mo, 17-7 PH, and AM 350 Alloys) 





Core Type Cell Size, in. 


Seaemy, Ib /cu ft Show Strength, psi* 


Foil Gage, in. 





3-10 3/16 
3-15 3/16 
3-20 3/16 
3-30 3/16 
3-40 3/16 


5.7 577 
944 





4-10 1/4 
4-15 1/4 
4-20 1/4 
4-30 1/4 


2105 





*Calculated from shear 


equation presented in ANC-23 “Sondwich Construction for Aircraft,” Vol 


-strength 
Il: Sey = 22.85 X 10° w.2/(2w — we); where we is core density, w is core-material density. 


TABLE IiI—TYPICAL PROPERTIES OF BRAZED HONEYCOMB PANELS 


(At room temperature) 





Brazing 
ey 


Panel Description 


Max Facing Stress Max Core 
(edgewise ~~ pana Shear Stress, Max Oper. 
psi psi Temp, °F 








Ag-Mn 


Ag-Mnr-Li 


17-7 PH Stainless, condition TH 1050; 580 800 


17-7 PH Stainless, condition TH 1050; 670 800 


Type 3-15 core 0.50 in. thick, with 


0.010 in. facings 
Ag-Cu-ti 


17-7 PH Stainless, condition TH 1050; 


773 80 


Type 3-15 core 0.50 in. thick, with 


0.008 in. facings 
Ni-base 


A 286 alloy; Type 4-30 core 0.50 in. 


138,850 704 


thick, with 0.018 in. facings 


Ni-base 


L-605 (Co-alloy); Type 4-20 core 


120, 500 490 


0.50 in. thick, with 0.025 in. facings 





welded bundle before it expanded. To get the right 


cell shape, the honeycomb slice is overexpanded a precise 
amount to allow for springback. In the second method, the 
sheets are preformed in special corrugating machines, and 
welded layer-by-layer where the corrugations meet. Physical 
constants for the welded core 
design equations of Table I on preceding 


in shear-modulus curves (p 68) and Table II above. 


required for some of the 
page—are given 


Forming of the sandwich structure components follows 
conventional steel-die practice to ensure parts with closely 
+0.003 in. are 


controlled dimensions. ‘Tolerances of 


required to ensure proper fit for all brazed joints. Precis 
core thickness is usually obtained by machining the as 
blanket in the condition 
the blanket can be cut without 
Most com 


high-speed disk-cutting and electromechanical 


received core unstabilized 


Cemented to a metal plate, 


burrs via several machining processes. 


leaving 
mon are 
machining. 
cleaned to remove oxide or other impurities before brazing 
Silver brazing alloys are usually in the form of 0.002-in 
thick foil, cleaned carefully to remove tarnish or rolling 
lubricants. Other alloys, 
dusted on the facings after spraying them with an 


After shaping, facings and cores are chemically 


supplied in powder form, are 
acrvlic 
binder that decomposes early in the brazing cycle. Brazing 
is done in a protective argon atmosphere. Heat sources for 


brazing include furnaces, electric blanket devices, quartz 
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tube lamps, and salt baths—with furnace heating predomi 
To ensure intimate contact of all brazed 
a graphite fixture—cither flat or curved—is em 
ployed, under light gas When high 


strengths are required, the heat treatment and aging proc 


nant at present. 
surfaces, 
usually pressure 
esses described above are performed on the brazed panels 
'ypical properties of the final honeycomb panel, using 
various alloys and brazing materials, are shown in Table III 
ind the fatigue curve on p 68. More detailed property data 
can be obtained from most brazed-panel manufacturers 


Fastening and joining 


\ honeycomb panel is seldom loaded as a free beam o1 
plate. It is usually fastened to other panels to form a 
structure that carries both distributed and concentrated 
loads. ‘These loads are distributed from panel to pancl 
through edge members especially designed to do this job 
vet be producible. If the edge member is too complicated 
or expensive to be brazed, then the advantage of 


construction is lost. ‘Table IV shows six basic edge treat 


sandwich 


ments along with six typical joints that utilize them. Both 
simple and complex edges are shown. The last edge treat 
ment—tabbed and slotted—uses tungsten inert gas (TIG 
plug- and spot-welding. End plates have tabs that fit into 
slots in the facings. Although the designs and the informa 
tion shown in Table IV are typical, they represent only a 
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Edge Treatments 





Remarks 


TABLE IV--DETAILS FOR HONEYCOMB SANDWICH PANEL CONSTRUCTION 


(Typical assemblies at right use basic edge treatments at left) 


Assembly Details 





















































Facing chemically 
Machined for TIG plug 
Keron Se we/d 





HINT, 





r 


Core notched 


PLAIN edge leaves the core exposed, 
usually because the edge will be hidden at 
assembly (as shown at right), or because 
the edge does not require stiffening. This 
latter case is unusual because core materials 
are thin and easily damaged. 


Z-edge gives some support, especially 
against shear loading, but is not recom- 
mended when edge loading is unsymmet- 
rical. Additional stiffness can be provided 
by doubler plates added when panel is 
made (left) or when panels are assembled 
(right). Doublers can be external (dashed 
lines) or internal (requiring core to be 
notched) 


CHANNEL edge stiffens edge against un- 
symmetrical loading, as often occurs in 
panels heavily loaded in edgewise com- 
pression. Joining legs of channels by fusion 
welding (right) maintains thickness of panel 
structure and provides passage for fivids, 
control cables or wiring. Doublers can be 
added externally by TIG spot welding (as 
shown) or internally when panels aie made. 


HOLLOW edge, such as thin-walled tube, 
can be specified where a lightweight flush 
edge is desired, or where the panel must 
be attached to open framing (right). 
Hollow edge facilitates attachment of hard- 
ware such as hinges, latches, seals, etc. 


SOLID edges are essential when loads are 
concentrated or when a specially shaped 
edge is needed to match another part of 
the structure (ight). Special features can be 
cast into a solid edge, such as the hinge 
points for an aircraft aileron. Solid edges 
can also be potted, using cure-in-place 
plastics of either the rigid, semirigid, or 
flexible type. 


TABBED edge is lightweight type of solid 
edge used where high strength-weighi-ratio 
is essential. Spaced tabs on the edge plate 
pass through drilled holes on the faces. 
Assembly is by TIG plug-welding. Thick- 
ness of facings and edge plates in region 
of weld must be greater than nominal to 
offset annealing effect on heat-treated 
materials. Thickened contour is achieved 
by chemical milling, and increases cost con- 
siderably. 


Fusion weld 


Con be fusion-welded, 


71G spotweld 











Fusion weld 
Se 





716 fusion weld 











T/G fusion weld 





PRODUCT ENGINEERING + DECEMBER 5, 1960 





SPEED-BRAKE ON NAVY ATTACK PLANE is made of 
curved sandwich panel, nickel-brazed from A-286 alloy. 
Super-alloy is required because braking surface opens into 
jet-engine exhaust and surface temperature exceeds 1000 F. 
Linkage-stiffening structure is fusion-welded on bottom 
facing of sandwich before brazing. 


few of many configurations now in use, and are presented 
to suggest methods of attacking a given edge problem. 
Local stiffening is often required to support loads con- 
centrated at points within the panel edges. In these cases, 
an area of higher density honeycomb core is inserted where 
needed and spliced to the surrounding core by spot-weld- 
ing. Solid metal inserts can also be specified, bui add con- 
siderably to pane] weight. A simpler method is to stiffen 


both faces locally with external doubler plates brazed in 
place or to use facings chemically milled to give stiffened 
edges. Tubes are easily passed through perpendicular to the 
panel via brazed-in-place collars or coupling; running tubes 
through the honeycomb in the plane of the sandwich is 
more difficult and costly, but can be done. 


Quality control 


Inspection of brazed honeycomb panels is difficult be- 
cause the joints are inaccessible. Accordingly, a combina 
tion of destructive and nondestructive tests is usually 
employed. 

Destructive tests include checks on the original materials 
before brazing and six basic tests on the composite sand- 
wich structure in the form of test specimens. These in 
clude: edgewise and flatwise compression, flatwise tension, 
core shear strength, flexure, peel, and fatigue. Some o1 
all of these may be used, depending on safety problems 
involved. 

Nondestructive testing imcludes, in addition to expert 


EDITOR’S NOTE: For more on sandwich panel construc- 
tion, materials, and fabrication details, see: 

18 Ways to Join Honeycomb Panels, Mid-Sep ’60, p 348 
Guide to selection among mid-panel and panel-rib joints, 
spar-panel intersections, and edge-member attachments. 

Designing Brazed Joints for 1000 F and Above, Aug 1 ’60, 
p 40—Roundup tells how high-temperature brazing works, 
when to specify it, how to select the right materials, and 
procedure to get design started. 

Flexure Limits for Foamed Plastic Sandwich Panels, 
Apr 13 ’59, p 69—-Whether testing panels or designing with 
them, how they behave under flexure is important. Authors 
show what causes failure and how to design safely. 
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PROTOTYPE WING-BOX FOR HIGH-SPEED BOMBER is 
built up from two silver-brazed sandwich panels of PH 15-7 
Mo alloy. Panels, each 5 x 10 ft, have small angles brazed 
in place on one face for attachment to four corrugated ribs 
by spotwelding. U-shaped edges are fusion-welded to 
panels before wing-box is assembled. 


visual inspection of all external surfaces, the following 
three methods: X-ray 
ultrasonic, and heat-sensitive coatings. This last technique 
is relatively new and depends on the thermal-conductance 
characteristics of the panel for its effectiveness (see PE— 
Feb 15 '60, p 82). X-ray and ultrasonics are most common, 
though still quite slow and expensive—either in equipment 
costs or processing costs. Heat-sensitive coatings show 
great promise for high-speed, low-cost inspection. In all 
the methods, precise standards of comparison are a must 


radiographic and fluoroscopic), 


Cost of honeycomb sandwich 


Brazed honeycomb panels are expensive as composite 
engineering materials go, but have been dropping in price 
steadily. Current cost for 1-in.-thick flat panel of 17-7 PH 
stainless with normal edge attachments and type 3-15 core 
runs $150 to $200 per sq ft. In 1956, this range was 
about $225 to $300. By 1963, this is expected to be about 
$50 to $75 or lower. Six factors are operating to bring 
this cost down: lower core cost, much lower rejection rates, 
simpler tooling for brazing, increasing use of fast heat 
methods, smaller quantities of inert gases required, and 
development of automatic inspection techniques. Cost 
of curved and tapered panels is expected to be favorably 
influenced by these same factors but, because of forming 
costs, they will remain higher than flat-panel cost. 


For REPRINT of above article, just check P71 on one of the Reader 
Service cards found in this issue. 


Sandwich Panel Adhesives, May 26, '58, p 56—In this 
article, concluding a 3-part series on sandwich materials, 
the 14 most widely specified adhesives are described and 
compared. First part, Jan 20 '58, p 70, covered core mate- 
rials; second part, Apr 28 ‘58, p 80, compared facing 
materials, 

Chemical Milling, Feb 3 '58, p 50—Covers an industrial 
etching technique now developed to give large-scale pro- 
duction of parts difficult to handle by other methods. 

Stainiess Steels for High Temperatures, Apr ‘57, p 135- 
Article details mechanical properties, structural stability, 
and fabrication methods for five austenitic and three mar- 
tensitic alloys developed for high-performance aircraft. 
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WHAT TORQUE 
TO TENSION PLATED BOLTS? 


For a given torque, tension will vary inversely with the coefficient 


of friction—which is affected by whether plating goes on bolt, nut or washer. 


VERNON STIMPEL, chief fastener engineer, Maclean-Fogg Lock Nut Co, Chicago 


Bi. nuts and washers plated with cadmium or zinc 
ire increasing in popularity because of their “eye appeal” 
ind resistence to corrosion. Plating, however, affects the 
coefhcient of friction, and this must be allowed for when 
figuring proper bolt torque for the desired tension. 

It is generally agreed that only about 10% of the 
ipplied tightening torque of a threaded fastener is trans 
lated into actual tension. Of the remainder, 40% is lost 
in friction on the thread flanks and 50% in friction at the 
bearing surface 

[he accepted empirical approximation for the torque 

sion relationship is 


KDW 


12 


Where 7 = torque, lb-ft 
K coefficient of friction 
W = bolt tension, lb 
D nominal bolt diameter, in. 
Normally, 0.20 is used as an average coefhicient of fric 
tion for clean, unplated bolts, nuts and washers. This has 
been verified by many experimenters 


Test results 


lo determine the effect of cadmium and zinc plating, 
36 specimens were tested for each of three sizes and 15 
combinations tabulated on next two pages. The results 
show that for plain (unplated) steel combinations the 
coefhcient of friction is the usually accepted 0.20. They 
also show that in the same-size bolts, when plated, the 























COEFFICIENTS OF FRIC- 
TION were calculated from 
these test results. Each 
point represents an average 
of 36 specimens tested. 
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1/4-20 BOLT TENSILE LOADS DEVELOPED, LB 


Plain | Cad Gad | Plom | Cod | Cod | Zinc | Plain | Plain | Zine | Plain | 
Plain | Plain Cad | Cod | Plain | Cad | Plain | Zine | Plain | Zine | Zinc 
Plain | Plain Plain | Cad | Cad | Cad | Plain | Plain | Zine | Plain | Zinc 


350 325 250 250 350 | 150 250 | 200| 250/ 150; 300 
400 400 450 300 450 200 | 350 250 350 250 
366 379 308 270 387 | 178 | 300, 216 | 283 197 


725 700 650 575 850 325 550 400 500 275 
850 900 900 700 950 400 725 525 800 500 
800 808 700 629 883 370 658 454 587 362 








1100 | 1300 1050 950 | 1400 550 900 575 800 425 
1450 | 1500 1450 | 1200 | 1700 650 | 1200 700 | 1225 800 
1304 1391 1140 | 1016 | 1537 700 | 1062 679 929 554 


1450 | 1750 1400 | 1250 | 1950 750 | 1200 800 | 1100 550 
2000 | 2150 1900 | 1650 | 2275 900 | 1600 | 1000 | 1550 975 
1791 | 1950 | 1625 | 1370 | 2145 829 | 1446 896 | 1246 708 


2000 | 2200 1800 | 1675 | 2600 | 1000 | 1675 | 1000 | 1450 750 
2500 | 2750 2450 | 2000 | 2950 | 1200 | 2000 | 1350 2000 | 1325 
2358 2500 2000 | 1808 | 2830 | 1120 | 1866 | 1191 1683 960 


1/4-28 BOLT 


400 400 
450 500 
416 44) 


900 | 1000 
1050 | 1100 
983 1033 


1450 1600 
1750 | 1700 
1541 1641 


1750 | 2150 
2150 | 2500 
1825 | 2275 


2100 | 2550 
2600 | 2900 
2400 2700 


5/16-18 BOLT 


500 350 
600 550 
550 410 


1150 700 
1500 1300 
1315 925 


1675 1050 
2250 2000 
1920 1380 


2250 1500 
3000 2800 
2683 1900 


2800 1900 
3700 3600 
3330 | 2530 





The test setup 


Bolts: Hex-head cap screws of C1018 steel, not heat-treated, equivalent to SAE 
Grade 2 or ASTM 307. to 0.52, depending upon conditions 
Nuts: Cold-forged, finished and double-chamfered; made of C1108 steel . : 7 mM1.:. : 
Washers: Type B regular as per ASA B27.2-1958. ind combinations used. This indicates 
Plating: Commercial quality cadmium and electro-deposited zinc of approximately that for cadmium and zin combina 
0.000,15 in. thickness. ; ; tions different coefficients of friction 
Nuts and bolts were checked for fit with standard plug and ring gages. For the 
plain steel combinations, no additional lubricant was added. The nuts and bolts had should be used to obtain the proper 
either residual oils remaining, or some rust preventive. The washers were dry. tensile load. These can be obtained 
Tests were conducted on a Skidmore-Wilhem torque-tension fixture, which was checked fi ' } alculated f table 
for accuracy with a Tinius-Olson tensile-testing machine. The fixture checked within rom graph, or calculated irom tabi. 
0.008% of the tensile machine, and because of this all readings were taken directly Che graph shows the average co 
Torque wrenches used were Sturtevant type in ranges from 0 to 25 Ib-in. up to 0 efficient of friction at all load points 


to 50 Ib-ft. mt x 
for each size and combination tested 


ocficient of friction varies from 0.14 
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TENSILE LOADS 


Plain | Cad | Plain Cad | Plom | Cad | Cod | Zine 
Plain | Plain | Cad Cad | Cod | Plain | Cad | Plain | Zine 


} Plain | Zine | Zine | Plain | Zine 
Piain | Plain | Plain Piain | Cad Cad | Plain | Plain | Zine | Plain | Zine | Zine | Zine 


550 450 600 300 400 250 350 300 300 200 450 300 
600 650 650 | 600 400 450 450 500 350 600 400 
558 541 566 500 316 400 385 391 266 541 350 


DEVELOPED, LB 
Ploin | Plain | Zine | Plain | Zine | Zine 


5/16-24 BOLTS 














1000 500 900 600 700 350 | 1000 700 
1350 850 1050 850 1150 700 1300 950 
1208 658 950 750 866 533 1166 783 


1350 900 
2100 1250 
1933 1041 


2200 
2700 
2441 


2700 
3600 
3133 


1150 —=—-1150 
1200 | 1600 
1241 +1283 


1000 
1500 
1266 


1500 1100 
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E.g. the 4-28 plain bolt-nut-washet 


combination gave an average friction 
oefhcient of 0.205 for all 36 speci 
mens tested. These could be used for 
fast calculation of required torque. 
The table maxi 


mum and average tensile load devel 


gives minimum, 
oped for cach of several wrench-torque 
settings. The average figures are for 
36 specimens of each combination, 
ind this is the figure that should be 
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considered as the true tensile load 
developed from the particular wrench 
setting. To use this table, 


tension and work 


torque 
locate the desired 
backward to get the necessary torque 
etting. For example, if a 4-20 zinc 
bolt-nut-washer unit requires approxi 
mately 300-Ib tension you look in the 
}-20 portion of the bolt table for the 
average tensile load nearest to 300 Ib 
In this case it is 287 lb for a torque 


b-ft. For a 4 lb-ft setting 
the corresponding load is 562 Ib. By 


setting of 2 


interpolating between 287 and 562, 
the correct torque for 300-Ib tensile 
load is approximately 2.15 lb-ft 


This compares with 2.22 lb-ft ob 


tained by formula and K from th 


graph on p 73. 
For REPRINT of above article, just check 


P 70 on one of the Reader Service cards 
bound in this issue 





what every new 
engineer should know 


Does someone you know—son, nephew, son of friends—need 


advice on his engineering career? If he does, hand him this. 


P M ZALL 


Director, Communication Research Center 
Los Angeles State College 


This capsule summary of opinion was compiled last 
summer from journals, interviews, and overheard (often 
over-heated) arguments. It represents what old-timers feel 
the embryo engineer should know. There are, of course, 
many things he cannot be told in public print; there are 
many points too specific to mention. There are also sev- 
eral questions so controversial they would require a book: 
big company vs small company; military business vs non- 
military business. Opinions summarized here, then, are 
representative generalities about the profession rather 
than about any particular field or person. They are based 
on past experience, and are the personal opinions of many 
different people in various engineering fields, various 
levels (top management, line engineers, draftsmen) and 
various industrial firms in the Los Angeles metropolitan 
area. 


What is the most important thing every young engineer 
should have? 


A proper attitude. This means having an interest in 
the company, the position, and the work. It also means 
being prepared to accept gracefully the fact that a be 
ginning engineer must spend a lot of time on the draft- 
ing boards and also on “non-engineering” details such as 
administrative paperwork. And, though it may seem 
naive to mention, a proper attitude includes the realiza 
tion that he cannot make as much money as his boss—at 
least not at the beginning. Mest old-timers think a young 
man should try to get a “feel” for his professional situa- 
tion; he should think in terms of a balance among budgets, 
schedules and performance. He should keep alive, alert, 
aware of what’s going on around him and outside. And 
he should also try to learn where to begin a job and when 
to chep it off; over-engineering can be costly and waste- 
ful. A desirable attitude, then, would include “know 
how,” “know how to,” and “know how much.” 


Must management be the goal of a successful engineering 
career? 


Not necessarily. Many engineers have enjoyed a com 
pletely successful career without ever having sat behind 
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a walnut desk. This is true even of many who have not 


had private incomes or married wealthy wives. Experts 
have long pointed out that managing and engineering 
require different skills and attitudes. Management, they 
say, requires skill in handling people and making quick 
decisions. Engineering requires belaboring a problem in 
search of an optimum solution which is at best a compro- 


mise. One observer pointed out that engineers can be 


APTITUDE 
TESTING 


"Satisfied ?” 


distinguished from managers according to the card games 
they play during lunch hour. Engineers play bridge 
while managers prefer poker—emphasizing the cautious 
approach of the former and the dangerous living of the 
latter. But times are changing. Engineering training still 
hits hard on logical analysis: considering all variables, 
weighing the good and the bad, and compromising. 
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Management training, on the other hand, has in the 
past emphasized glancing at the over-all picture from the 
corner of an eye, then shooting from the hip. But today 
engineering techniques are being applied to management 
more and more. The enviable success of Ramo and 
Wooldridge in this area has stimulated study and emula- 
tion. Operations Research is establishing a managerial 
technology of increasingly significant economic import. 
Nevertheless, many successful engineers will continue to 
find more satisfaction in a career devoted to the advance- 
ment of the state of the art than in a life devoted to 
risking money and men’s jobs for the sake of more money 
and more jobs. 


Should a young engineer specialize? 


No. Most old-timers feel that the average beginning 
engineer should plan to bounce around in his chosen 
field for three or four years. During this time he can 
be picking up a lot of valuable experience so that he can 
evaluate his area of specialization the way he would 
evaluate a wife rather than a mistress—he’ll be stuck 
with it for the rest of his life. It is universally under- 
stood that a young man is in a hurry, what with a mar- 
riage on his mind, or little mouths to feed, but some 
authorities recommend spending at least five or six years 
in the general field before settling on a specialty. 

Why wait? Well, very few engineers fresh out of school 
are wise enough to discriminate among the specialties. 
And when a young man does decide to specialize he is 
faced with a very serious problem: how to avoid a field 
of specialization that will become obsolete overnight. 
While it is true that a first-class specialist can enjoy a 
good financial future in a field where demand is con- 
sistently high, how can he tell how long that demand 
will last? Just consider, for example, what must be in 
the minds of men specializing in reciprocating engines 
or vacuum tubes—as turbines or transistors and molecular 
electronics develop swiftly. Finally, the man who special- 
izes too early runs the risk of getting into a stranglehold 
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of specialization in a field he comes to hate. It takes tim 
and shopping around to avoid this miserable fate. 


What fields look most promising in the immediate future? 


Atomic and nuclear power; data handling; communica 
tions; solid-state devices; test equipment; chemicals as 
materials and foods; new computer applications, All ex 
perts emphasize that these fields require a very strong 
base in fundamentals of the engineering sciences gener 
ally because they are developing so rapidly. Some of them, 
such as chemical-product areas, have been relatively 
ignored in the scurry for space supremacy, but represent 
a real and present area for engineering enterprise. Other 
areas, such as computer applications, are being exploited 
in some directions but ignored in others. When com 
puters, for instance, are reduced in size and cost, they will 
revolutionize life as we know it today in such fields a 
law, medicine, and even homemaking. And there are new 
fields, such as plasma physics, virtually virgin. Within thi 
generation it is likely that the atom will be controlled 
by means other than fusion and fission. We will be ampli 
fying light as we have been amplifying microwaves. We 
will be exploiting cryogenics and converting low-frequency 
house current into powerful high-frequency radiation inex- 
pensively and safely. “Buck Rogers?” That’s what they 
said about Sputnik 


Should a young man go after an advanced degree? 


Yes. Everyone agrees that an advanced degree is d« 


able. In some companies it is absolutely essential 

advancement. But even when it is not required for a 
better job, an advanced degree—or at least continuing 
study—keeps a young man up in his field. This does 
not mean that advanced degrees should be pursued at the 
expense of a happy home or poised nervous system. Onc 
night a week or a home study course would be enough 
for many people. (Study for a PhD deserves full time 

Much depends on personal motivation; one observer 
recalled Joe Louis’s reply when asked why there were 


few good heavyweights around: “They’re not hungry any 


more.” Many good engineers do not go after advanced 
degrees because they are doing well without them. How 
ever, the experts feel that if things get rough, those 
with advanced degrees will continue to do well. In fact, 
the top executive of a small company confessed that he 
remains unhappy in his present position because he does 
not have the advanced degrees required to get a position 
where he would like to work. He is too old, he says, and 


too busy to get one now 


What about the over-all picture? 


Great! The Class of ’61 will emerge when the dust of 
our technological revolution is beginning to settle. They 


will come out with more knowledge of over-all technology 


than their predecessors had, and will face a promising 
future. They will have to put up with a lot of hard work 
and produce at an accelerated clip, and will have to ride 
out the switchover from mass production to unit produc 
tion in fields such as aerospace. But it will be worth it 
A surprisingly high percentage of top management in 
industry today is in the age group 35 to 45. It is perhaps 
more true than ever that for a good young man there will 
be plenty of room at the top . 
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Tractor Adjusts Itself to Farm Work 


For example, it automatically lifts plow to prevent overload in rough going. Bolt-on 


power takeoffs adapt tractor to old or new implements, and 11-speed transmission gives 


it speeds from 114 to 14 mph. 


AUTOMATIC CONTROL, which can 
raise or lower plow or other imple 
ments attached to hitch, has three 
settings: 1) ON—control varies depth 
of plow according to conditions, to 
keep constant drag on tractor. 2) 
Modified ON load-control action 
limited to extreme conditions; depth 
remains relatively constant. 3) OFF 
plow stays at same depth, regardless 
of load 
Control reacts to drag on draft links, 
which are attached to end of load-con 
trol shaft. Drag force bows the load- 
control shaft against linkage running 
to control valve. This valve commands 
hydraulic cylinder to raise or lower 
plow by rotating the rockshatft. 
With load-control mechanism on, 
plow is raised or lowered as it passes 
e . through different kinds of soil. In 
Rockshott denser soil, the plow raises to turn a 
y shallower furrow; in lighter soil, the 
Signal - plow drops deeper. Drag signals go 
transmitting full-strength to control valve. 
link With modified load control, drag 
Lood-controt shatt signals are modified by feedback from 
~ the rockshaft cam. Only extreme drag 
forces make the plow raise appreciably 
to relieve load on engine. This setting 
is for jobs where only the toughest 
spots could cause overload. 
PS ... Engine for 4010 tractor comes in models for diesel oil, gasoline or LP-gas. With load control off, after operator 
Central pump supplies hydraulic pressure that operates power steering and power manually sets initial depth for plow, 
spot-brakes as well as hitch control and coupler. Human-engineered seat is contoured it doesn’t change, because signals to 
and adjustable. Locating the gas tank in front of radiator gives better visibility, and the valve are cut out. A separate lever 
keeps fuel cooler so that it retains the vapors needed for easy starting. Tractor is made (not shown), which controls the rock- 
by Deere and Co, Moline, Ill. shart through 75° rotation, allows 
further manual depth changes. 
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Permanently 
engaged to shatt 


CONSTANT-MESH TRANSMISSION 
has eight forward speeds, three reverse 
speeds, park, and neutral (for towing) 
These ratios give tractor speeds of 
1.52 to 14.26 mph at 1900 engine rpm 

All gears on countershaft are locked 
to the shaft. None of the gears on the 
input and output shafts is permanently 
engaged. Engaging one gear to the 
input shaft and one to the output shaft 
changes speeds 

Because gears on the input shaft 
have synchronizers they can be en 
gaged while the tractor is moving. To 

Counter shaft engage gears on the output shaft, the 
tractor must be stopped. However, 

\ each gear on output shaft serves two 

) Syachronizers final gear ratios and operator can 
avoid stopping by shifting between 
these two speeds while on the move 
He does it by selecting a different 
synchronized gear 

In neutral, all gears on the input and 
output shafts are disengaged 

In park, two gears that engage 
simultaneously on each shaft lock the 

Drive shatt Me GNX qv transmission 
beve/ pinion 9 


'000-r1pm 1000-rpm 


geor ‘\ shitter collar 
Shitt collar 1000-7pm 


Stub shaft 


FIFTH SPEED 


540 540-1pm POWER TAKEOFF for attached im 
U-1pm aa gear AS plements is supplied by two bolt-on 

shiffer 2 hYV) stub shafts—one for 540-rpm equip 
SAN collar ) |! / ment; the other for newer 1000-rpm 


equipment. Each of the splined output 


z r Sa 4 j 
j q trl KZ shafts automatically shifts gears for 
mete ty be _—— Gp ee right speed. At end of internal pushrod 


‘| . . 
a | el nna — TW 3 is a spring which keeps 1000-rpm gear 
4 engaged and 540-rpm gear disengaged 


-_ > 
a 








Stub shaft for 1000 rpm has recess that 


poe nen - ee My T 
An nF] i gar : - 
ee \ | y} prevents it from touching pushrod and 
| 





disturbing speed setting. Stub shaft 

: for 540 rpm has no recess; it depresses 
pushrod, engaging the 540-rpm gea 
ind disengaging 1000-rpm gear 


all 
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| PRODUCT DESIGNS | 





Electromagnetic retarder absorbs rolling 
energy of heavy vehicles. This reduces load 
on brakes and provides effective slowdown 
in an emergency. 


Eddy Currents Do the Braking 


PS ... Retarder alone will hold the speed of a 14-+ton truck 
to 22 mph on a 9% grade. Reduction in brake-lining wear is 
significant, since retarder takes over all braking that does not 
require a full stop. In case of complete brake failure, retarder 
enables driver to maintain control, even on steep grades. These 
retarders, for trucks up to max gross weight of 35 tons, are 
produced by Lear Inc, Electro-mechanical Div, Grand Rapids, 
Mich, under license from Compagnie Telma, Paris, France (PE 
Nov 14, p 20 


ELECTRIC RETARDER is a coupling—two finned rotors, 
and a stator with electromagnetic coils. For braking, 
operator of the vehicle energizes the stator coils with 
current from the storage battery. Eddy currents are then 
generated by the relative motion between stator and the 
rotors. These currents produce a second magnetic field in 
the iron rotor; this field tends to retard rotation. Locking 
the stator half of coupling to the vehicle frame transfers 
the retarding force to the vehicle wheels. Magnitude of 
the retarding torque is directly proportional to the speed 
of the rotor and the current supplied to the stator. Energy 
absorbed by the retarder is converted into heat and dis- 
sipated by the cooling fins on the rotors. 

Current-flow to the stator coils is controlled by a 4-posi 
tion switch mounted on the vehicle’s steering column. The 
switch successively energizes four circuits, giving the 
driver a wide range of retardation. Maximum retarding 
force can be generated in two to three seconds 

Stator consists of a double circle of electromagnets 
bolted back-to-back on a steel frame. Central hub of this 
frame provides support for the antifriction bearings in 
which the rotor shaft runs. Frame of the stator is bolted 
to the chassis of the bus or truck on which the retarder 
is mounted. Rotors, mounted on each end of the rotor shaft, 
become a part of the vehicle drive-line. The retarder is 
usually mounted between the transmission and differential; 
it retains its effectiveness even if engine or transmission 
fail. 
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Hydraulic Valves 
Supply Own Manifold 


The three solenoid-operated valves are in the 
same housing—drilled for passages that distrib- 


ute oil. 





~ Pilot Spool 





Solenoid 





Possible Plug ond 
" Possoge for Conversion 


(<) Extend 
v0 


























put Flow Rote = 
Control and Check Pilot at Shem: ( 
\ * 














Overload Relief Pilot \ 


NX 
ntoured Input Flow Rate x 
Compensator ond Moin Relief Spool 





COMBINATION VALVE controls a truck-mounted boom 
in application shown in operation diagram. The only ex- 
ternal connections needed are a supply line from the pump, 
a return line to the tank and a line to each end of the three 
cylinders. Drilled internal passages replace manifolds and 
interconnecting lines between the valves, which could 
loosen or break. Return oil empties into a single gallery 
and leaves the housing through a single line. Supply oil 
passes from valve to valve internally. 

Single-package construction makes it easy to mount valve 
close to the cylinders, thereby reducing length of lines to 
the cylinders. 

Additional drilling and plugs can adapt the combination 
valve for different jobs. In this version, a plug closes one 
port not needed for the single-acting cylinder that raises 
the boom. If it were necessary for the top and middle 
spools to operate at the same time, another passage could 
be drilled and a plug added to supply oil to the top spool, 
no matter what the position of the middle spool. Without 
such alteration, top spool cannot operate simultaneously 
with middle spool. 

Cable from operator’s hand-held set of contact buttons 
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\Troverse 





—— Metler-out Flow Rate 


. Control & Check 


plugs into pin connector on side of valve. Commands from 
buttons actuate solenoids to shift pilot spools, which divert 
oil to either end of the main-valve spools. Main-valve spools 
direct oil to and from power cylinders. 

In the same housing, a contoured spool, controlled by 
two pilot valves, regulates input flow and also serves as 
relief valve. Other flow-control valves, in the passage to 
each cylinder port, control the return flow. Pilots and 
return-flow controls all have individual adjustments 


PS ... This three-spool valve and a similar two-spool model 
can be bolted together to form multiple-spool combinations. 
Solenoids can be operated manually as well as electrically. 
Adjustable range of relief-valve function is from 100 to 3000 
psi. Combination valve is made by Double A Products Co, 
Manchester, Mich. 


enaceicienges 





how good are 


RANDOM-WAVE GENERATOR is a 
much more complex piece of equip- 
ment than that needed for simple sine 
tests. Shaded areas show those pieces 
of apparatus that could be discarded 
if the facility were used only for sine 
tests. This machine is a Ling-Temco 
5000-lb-force random-vibration teste 
installed in Kearfott’s environmental 
testing laboratory. The shaker table 
and power supply are in the room be 
yond the window over the control con 
sole. Kearfott has 15 vibration-testing 
machines in this lab; sizes range from 
600-lb-force to 5000-lb-force 


RANDOM-WAVE VIBRATION TESTS? 


Presumably they’re more “realistic” than the traditional sine-wave tests 


but are they? From his experience with both types the author feels that 


specifications calling for random tests should be sharply curtailed. Here’s why. 


C G STRADLING 


Kearfott Div, General Precision Inc 


A strong difference of opinion is splitting test engineers 
nowadays. It concerns the relative merits of pure sin 
waves vs random waves as the best way to check out equip 
ment that will spend part of its working life in vibrating 
environments. An increasing number of government con 
tracts are now specifying random-vibration tests in accept 
ance procedures. It is my contention that most of thes« 
test dollars are wasted, that simple sine tests give nearly 
the same information and do it with much less trouble and 
much smaller investment in test equipment 


First let us see exactly what procedure is followed in 
each test: 


Sine-wave vibration. ‘Ihe usual procedure is to mount 
the part on a shaker table and vibrate it at several specified 
frequencies or over a continuously varying band of fre 
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quencies within a specified rang ; are from about 
10 cps up to as high as 2000 cps nowadays). Because sin 
waves are easy to generate and because shaker tables genet 
illy respond more readily to sine-wave signals, this method 
has the advantage of simplicity and results that are rela 
tively easy to analyze. 

Random-frequency vibration. You need give the shaker 
only a single short burst of random-frequency energy to do 
the testing job. This, at least, is the claim of those who 
endorse the method. And even more important, they in 
sist, the random waves give a better representation of 


the actual environment 


Shaker limitations 
Neither claim for random vibration is completely true 


because neither reflects a very realistic view of the capa 
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bility of vibration-testing equipment or of what happens in 
actual vibrating environments. In the first place, there 
is a difference between the vibration composed of a ran- 
dom selection of discrete frequencies and environmental 
vibration in which a broad band of frequencies occurs 
simultaneously. This is why random vibration (or, as it is 
erroneously called, “white noise” vibration) falls short of 
simulating an actual environment. Even if the random 
signal could be an accurate representation of the actual 
environment, there are no shakers available that can repro- 
duce a truly “white” band signal. 

Second objection is that the environment itself has an 
irregular frequency spectrum. The test engineer goes to 
great pains to avoid resonance in the shaker table and 
fixtures so that the unit will give flat response over the full 
range of frequencies. But in the actual environment there 
ire always peaks and notches because of local resonance. 
One might ask, “Why can’t we just record our actual- 
vibration environment and play it back through the 
random-vibration equipment? If the response of the equip- 
ment is truly flat, this should give a good approximation.” 
Again, the answer is that it would ask too much of the 
shaker. The mechanical equipment just can’t respond 
linearly to such an input. 


Is environment random? 


But suppose we could build the equipment; would it 
be worth the trouble? First, it must be recognized that 
when components are installed in the airframe, missile, 
or machine-tool, vibration will come from both acoustic 
ind structural sources. For this reason, both acoustic and 
mechanical couplings are used in the test laboratory. But 
in an actual environment, mechanically coupled vibration 
is filtered by the structure and it is chiefly sinusoidal. Even 
icoustic energy will be primarily composed of a few dis 
crete frequencies because of resonances at the source 
l'‘herefore, a sine-wave test is a closer approximation of the 
ictual vibration than it might appear 

l’urther, acoustic energy is a function of air density 
ind decreases with increasing altitude of the missile or 
iircraft. At the present time, there are few applications, 
other than missiles, where acoustic energy is really signifi 
int. In a few years, perhaps, when aircraft speeds mov 
up to Mach 2 and beyond, acoustic energy will become a 
major consideration. 

Besides the questions of whether it is possible to repro 
duce random vibration and whether such a vibration, if 
reproduced, is a good copy of the real thing, there is also 
the question of whether such tests, even though inade 
quate, have any real value. Never in my experience has 
iny structure that failed with random, mechanically 
coupled vibration resisted failure under sine-wave vibra 
tion. The converse cannot be said. And in detailed vibra- 
tion analysis, design engineers almost always use sine 
energy to hunt down an offending structure or component 
While there are certain 
tubes or relays that had their weaknesses “discovered’’ by 


“classic” examples of vacuum 


random vibration, it is my opinion that careful sine-testing 
would have uncovered these weaknesses just as well—only 
cheaper and faster. And results of the sine tests would 
have been much easier to analyze. 
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More expensive 


I have implied that random testing is much more d 
manding and time-consuming than sine testing. Let me 
expand on this point. Random testing has been adver 
tised as a time-saver. Specifications commonly call for 
three-minute burst of random vibration as compared t 


the 


L to 


15 minutes of sine energy. But this is not 
the story. The random-test set-up time is from 
hours per axis, compared to five minutes to one hour for 
sine vibration—and most vibration tests include all three 
major axes. Further, if the test is anything more than a 
plain destructive test, or if analyzing or searching is in 
volved, it can be done far more quickly on the sine equip 
ment. 

Besides the labor cost, consider the expense of the ex 
citation and monitoring equipment. A complete 5000-Ib 
force sine-shaker system costs around $40,000. A “poor 
man’s” random system might be purchased for $60,000 
but it would be practically useless for invthing more than 
simple destructive testing. And a complete 5000-Ib-forc« 
random system with recording, analyzing, and monitoring 
equipment would run about $150,000. These figures are 
total costs; the equipment alone is expensive but a signifi 
cant portion of the total cost is expended in installation 
ind accessories. 

Maintenance costs are higher too. Random-vibration 
machinery is more complex and this means a decrease in 
reliabilitv. It has been shown that only a small increase in 
the number and complexity of a system’s components 

iuses a rapid decrease in system reliability. This has been 
called the “avalanche effect.” 
that an electronic sine system (many are mechanicai) has a 
reliability of 0.66 after initial debugging. That is, it 


quires one hour of service for every two hours of 


It has been mv experience 


tion. A comparable random system shows a reli 


0.5 (one hour of service for every one hour 
work This, of course, further increases the co 
dom testing. And there is nothing more upsetting 


han his need t 


environmental engineer t 
carefully prepared test setup because the equipment 
inoperative and must be serviced. It is difficult to estimate 
the actual cost of downtime in terms 


but this is certain to be a significantly 


} 
For these reasons, it is my opinion that the use of, 


requirement for, random-vibration testing should be s« 


verely curtailed. And in most of those few cases where 
it must be specified, it should be restricted to acoustic 
coupling. Since waves give an adequate representative of 
most environments and they are the most suitable wave 
form for our present test equipment 


EDITOR’S NOTE: For more about vibration testing, both 
mechanical and acoustic, see 

For Rough Handling ... These Shock Tests, May 11 ‘59 
p 74. Two simple methods for test-dropping a product and 
examples of each 

Structural Vibration—An Oscilloscope Tells the Story 
in Pictures, Feb 2 59, p 52. Scope patterns show resonances 
locate trouble spots 

Mockups for Vibration and Shock Testing, July '53, p 186 
Inexpensive models test vibration and shock resistance of 
proposed structures 
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REVERSAL OF ELECTRIC MOTORS 


Some motors are easy to reverse; others aren't. 


Here’s how the most popular types are adapted 


for two-way operation, plus 


an indication of the complexity involved. 


A K DAS GUPTA, design consultant, Chicago 


Wren you must reverse a motor quickly—in anywhere 
from a fraction of a minute down to a fraction of a sec- 
ond—complexity of the reversing circuitry becomes at least 
as important as motor type, and can make the cheapest 
motor one of the most expensive in the long run. Slow 
reversal of motors—where the motor is stopped gradually, 
then slowly accelerated in the opposite direction—is gen- 
erally associated with variable-speed motors. This method 
will be covered in a coming article. 

Some types of constant-speed motors are easier to re- 
verse than others. For example, de series and shunt mo- 
tors, and ac polyphase, capacitor-run, and capacitor-start 
motors, need only minor changes for reversal. On the 
other hand, repulsion, synchronous and shaded-pole motors 
are much less practical to reverse. Here is a rundown of 
how to reverse each of the standard motor types. 


DC MOTORS 


Any de motor can be reversed by reversing either the 
armature or field current. In some cases it may be simpler 
(therefore less expensive) to reverse the armature current; 
in other cases, depending on type of winding or size of 
the motor, it may be better to reverse the field. 


Dc series motors can be reversed by means of a control- 
ler, either manually-operated drum type or automatic. Re 
versing the armature current is simpler, but if the motor 
has interpoles, the interpole current must also be reversed 
as shown in Fig. 1. 


Small dc shunt motors can be reversed by a relay which 


reverses armature current (Fig 2). Relays for this purpose 
have recently been introduced by several manufacturers. 
Another way uses a controlled rectifer with a magnetic 
amplifier. This rectifier has characteristics somewhat 
similar to a thyratron. Where load inertia is high, the 
controlled rectifier must be protected against overheating 
because the duration of armature current while reversing 
may be long enough to cause damage 

Shunt motors carry a relatively high armature current; 
at the instant of reversal, the back electromotive force will 
add still more to this current. Reversing the field current 
might appear to be more practical, but this introduces two 
disadvantages. The high inductance of the field circuit 
produces high-voltage switching surges, and the armature 
may overspeed from loss of field during switching. Re 
versing the armature current best for small motors, but 
armature diameter should be small to keep armature inertia 
at a minimum. 

For larger motors, load current and armature inertia 
both increase. At some specific size, the armature-switch 
ing device becomes more expensive than a field-switching 
device, and it is more economical to reverse field 

Large dc shunt motors are reversed by contactors 
equipped with blowout coils, which effectively break the 
inductive arc by lengthening it. Discharge resistors are 
used with reversing contactors to avoid excessive voltage 
rise when contacts are opened 


Shunt field 





Series-stobilizin 
ree ood Yield 9 Commutoting Series 





Hood fama 
Commutoting field 
C08 


Stunt field 











pole : held 
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-o 
































yee | 
Reverse Reverse 
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84 








Reverse 


3—Compound 
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Currenr 
Capacitor 


Copocitor af es 

















(¢ iar 











A. 
4—A. Capacitor-run; B. Capacitor-start 
Compound motors can be reversed by a controllet 


Reversing the armature and 
5 
simpler (Fig 3) 


commutating poles is generally 


AC MOTORS 
Single-phase motors 


Single phase current cannot, by itself, start an armature 
rotating, but once you get the motor going, it will con 
tinue to rotate Single-phase 
motors use a variety of means to gain starting torque, and 


it or near synchronous speed. 


each requires special switching arrangements for reversal 


Split-phase motors can be reversed by a relay that will 


Split-phase 


h to disconnect the 


reverse either the main or auxiliary winding. 
motors that contain a centrifugal switc 
starting winding as the motor reaches rated speed cannot 
be reversed until the motor slows down so the 


switch can close 


Starting 


For applications requiring repeated re 


versal, a motor without this centrifugal switch is simpler 


to reverse. 


For cyclic-reversal application h as laundry ma 


l 
chines, a magnetic reversal switch can be used combi 


nation with a synchronous timer 
Another method, used experimentally, has a switch 
that short-circuits the stator during switching, with a 


} 


small series resistor to limit the short-circuit current. The 


starting winding is disconnected and frequency reduced 


during switching Reversal time depends on rotor and 


load inertia, but is quite fast. For example, a motor at 


full load on 25 cps power reverses in less than 4 sec 

Capacitor-run motors can be reversed by SPDT (single- 
pole double-throw switch) as shown in Fig 4A. 
the two main windings are identical, the switch position 
determines which winding serves as the 
through the capacitor. 


Because 
auxiliary winding 


Capacitor-start motors can be reversed by a two-pole 
double-throw controller if a current relay is used with 
its coil in series with the main winding (Fig 4B). Relay 
contacts are connected in series with the starting winding 
and capacitor. When power is applied, the high starting 
current pulls in the relay and energizes the starting wind- 
ing. At full-load speed, the current drawn by the main 
winding drops, and the relay contacts open, disconnecting 
the starting winding 

When the controller is reversed, the relay contacts close 
to activate the starting winding with a current in the 
opposite This current produces a retarding 
torque, which stops the motor and starts it in reverse. 
When the motor reaches 70 to 75% of full-load speed, 
the current drawn by the main winding drops low enough 


direction 
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SPDT 
switch 





Main winding for 
CW rotation 


tor 


ction 


if 


CCW rota 


Shorted 


cough winding 





Moin winds 














CW 
fotation 





CCW rotation 














Moin winding 








dM ca iin CS 


s—Shaded-pole. A—Standard ag: & BD 
special reversing designs 


three 


to reopen the relay. Power supply must enough 
the motor, id drop-out 


Mf the relay caused by line-voltage dips 


to assure constant voltage 


Shaded-pole motors (Fig 5) have a wound stator and a 


— 


squirrel-cage rotor. Starting is accomplished by “shading” 
a portion of the magnetic circuit with shorted winding 
to produce rotation of the field. To reverse the motor 
the rotation of the field may be reversed by connecting 
alternate sets of shading coils, or separate main winding 
These 


ods of reversal ordinarily add too much to th 


may be provided for each direction complex meth 
st of the 
drive. 


Repulsion motors have single-phase ac stator windings, 
and rotor windings are connected to commutators as 
de motors. Brushes on the commutator are short-circuit 
and their position adjusted so that the magnetic axis of 


the rotor winding is inclined to that of the stator winding 


ied, 





ELECTRIC MOTORS . 





Inducing 
winding 





CW field 
CCW winding 
field ee 


winding 





Line 





9 SPOT switch 





6—Repulsion-start 


direction, the brushes 
1S provided ind short 
opened If the motor has a 
must also be reversed along with the 
develops plugging torque, which causes 

Repulsion-start induction motors fo1 
require two field windings—one for 
SPDT switch will provide quick 
lig ¢ 

Synchronous motors ar 
pending on the method usec 
torque is provided by one of 
tems previously explained 

Hysteresis motors do have starting torque and can 
reversed by changing direction \ e rotating magneti 
field. 

Universal motors can be reversed by reversing the field 
winding or commutator connection; field-winding reversal 
generally is preferred. A single field coil will require a 
DPDT switch; or two field windings can be provided, on 
for each direction, in which case a SPDT switch will d 
Fie 7 
Three-phase motors 
phase rotation 
With plugging 
Induction 


[hese motors all reverse by reversit 


y 
= 


l 
which changes direction of rotating field 


relays, resistors are used to limit inrush current 
motors with wound rotors require current-limiting resistor 
in the rotor circuits 

For slightly slower reversal, saturable reactors can b« 
used. This method uses two reactors as two-pole reversing 
contactors. Effective speed control is possible, and reversa 
is accomplished without opening supply lines to motor 

Another method uses a capacitor in parallel with one 
saturable reactor [he capacitor reverses the sign of th 
reactor, thereby reversing the motor 

Dynamic braking can be combined with reversing on a 
high-torque motor with a tachometer ierator supplying 


gC 
a signal, which is proportional to speed, to a control reactot 
Fig § 

Contactors used to reverse low-voltage motors must inter 
lock mechanically and electrically. For high-voltage motors, 
separate control sources or control transformers must be 
used. Proper potential interlocking must be used when an 
ait-brake reverse-switch is used, to protect against short 


circuits in the line 
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OPOT 
switch 


Line 





A Single field coil 


Reverse 
winding 


Forward 
winding \ 


SPST 
switch 


—-_—e——_O 
Line 
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Two field coils 








Full - wave 
rectifier 


























Tachometer 
generator 


8s—Three-phase with dynamic braking 


EDITOR’S NOTE: For more information on stopping and 
reversing electric motors, see 

What They’re offering in Electrical Controls, Sep 26 60 
p 37—Machine-tool exposition report covers many moto! 
controls, including, on p 40, a de-motor reverser that uses 
silicon controlled rectifiers triggered by special magnetic 
device to change current flow from full forward to full 
reverse 

Four Ways to Stop a Motor, July 6 '59, p 60—Author 
compares four methods—mechanical, plugging, dc dynamic 
braking, and capacitor braking—for stopping an induction 
motor. Table lists advantages, disadvantages and pre 
cautions 


COMING SOON—an article on controlled reversal of 


variable-speed direct-current motors 
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when was that patent issued? 


The answer can be found with this table. For a close approximation of the 


date, all you need is the patent number. 


GEORGE SZEKELY, Norlond Associates Inc 


Tix law 


every patented articl 


that 


(hat number doesn’t tell us much 


help find hing fi 


inde x¢ d bi 


provides 1 patent number be placed on eto 1 patent when sea 


often the case in public librari 
low, you can 


date 


ym the numbers listed be bracket the 


And by 


willing to do some research 


Patent Office 


unless we aré in a patent Py 


But often, all we want 


the tween numbers vou i] 


library or write date 


to know 


I'here are 


1 patent’s is 


@to deter 


issuance 


1S the date ot 


within a month or two) ft 


issuance 


nany occashk 
ue date 


mince expll t 


® to evaluate the 


®to determine 


issued 


NUMBER 


1 


1,647 


3,633 


4,760 
16,444 


20,000 
36,836 


40,000 
60,000 
79,0265 


80,000 
88,929 


100,000 
140,000 
174,466 


180,000 


200,000 
223,898 


240,000 
280,000 
300,000 


347,140 


DATE 
7/ 13/ 1836 
6/20/1840— Morse 
(Telegraph) 
6/18 /1844— 
Goodyear 
(Vulcanized 
Rubber) 
§/10/1846—Howe 
(Sewing Machine) 
1/20/1857 — Kelly 
(Steel Converter) 
4/20/1858 
11/4/1862— 
Gatling 
(Machine Gun) 
9/15/1863 
11/27/1866 
6/23 /1868—Sholes 
(Typewriter) 
7/14/1868 
4/13/1861 — 
Westinghouse 
(Air Brake) 


2/22/1870 
6/17/1873 
3/7 /1876—Bell 
(Telephone) 
7/18/1876 
2/5/1878 
1/27 /1880-—-Edison 
(Incandescent 
Lamp) 
4/12/1881 
6/26/1883 
6/10/1884 
8/10/1886— 
Thomson 
(Electric Welding) 


You ¢ 
ym the 


yns when 


table 


in find it 


(often to 


below 


it is convenient to know 


NUMBER 


380,000 
388,950 


400,000 
400,665 


400,000 
480,000 


500,000 
504,088 


520,000 
560,000 
586,193 


600,000 
650,000 
700,000 
750,000 
776,184 


800,000 
821,393 


850,000 
900,000 
942,700 


950,000 
1,000,000 
1,050,000 
1,100,000 
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DATE 


3/27/1888 
&/4/1888— Eastman 
(Roil-film 
Camera) 
3/19/1889 
4/2/1889—Hall 
(Aluminum 
Reduction) 
11/4/1890 
8/2/1892 
6/20/1893 
8/29/18938—J udson 
(Slide Fastener) 
5/15/1894 
5/12/1896 
7 /18/1897- 
Marconi 
(Wireless 
Telegraphy) 


3/1/1898 
5/22/1900 
5/13/1902 
1/19/1904 
11/16/1904— 
Gilletle 
(Safety Razor) 


9/19/1905 
5 /22/1906—W right 
(Airplane) 
4/9/1907 
9/29/1908 
12/7/1909— 
Baecketand 
(Bakelite) 
2/22/1910 
8/8/1911 
1/17/1913 
6/16/1914 


interpolating be 
make a re 
Patents issued betwee 
ind the 


call 
SCTIALI 


11 
asonabDly 


patents t 
P ' 
stantia 
reissucd | 
ad ite 


most sig 


NUMBER DATE 


1,150,000 


1,200,000 
1,250,000 
1,300,000 
1,350,000 
1,400,000 
1,450,000 


1,500,000 
1,511,824 


8/10/1915 


10/3/1916 
12/11/1917 
4/8/1919 
8/17/1920 


12/13/1921 
3/27/1923 
7/1/1924 
10/14/1924 
Birdseye 
(Deep Freeze) 
8/18/1925 
9/14/1926 
11/27/1927 
10/30/1928 
Zworykin 
(Television) 
1/22/1929 
3/11/1930 


1,550,000 


1,600,000 
1,650,000 
1,689,847 


1,700,000 
1,750,000 


1,800,000 4/7/1931 
1,850,000 3/15/1932 
1,900,000 3/7/1933 
1,950,000 3/6/1934 


2,000,000 4/30/1935 
2,050,000 8/4/1936 
2,100,000 11/23/1937 
2,150,000 3/7/1939 
2,200,000 5/7/1940 
2,250,000 7/22/1941 
2,300,000 10/27/1942 
2,350,000 5/30/1944 
2,400,000 5/7/1946 
2,450,000 9/28/1948 
2,600,000 3/7/1950 
2,550,000 4/24/1951 


timate of 


nrst patent 


Ofh 


NUMBER 


2,600,000 
2,650,000 
2,700,000 
2,750,000 


the actual 


+ 
tatute 


6/10/1952 
8/25/1953 
1/18/1955 
6/12/1956 


7/23/1957 
9/2/1958 

8/18/1959 
8/23/1960 


REISSUES 


1/9/1838 
7/10/1860 
6/20/1865 
6/23/1868 
5/31/1870 
7/23/1872 
8/4/1874 
3/14/1876 
12/18/1877 
12/23/1879 
1/3/1882 
4/30/1889 
6/10/1902 
7/27/1909 
10/26/1915 
12/7/1920 
2/10/1925 
6/19/1928 
3/17/1931 
11/14/1933 


6/9/1936 

2/14/1939 
1/13/1942 
5/11/1948 
5/10/1955 


DATE 








Alcoa puts the metal where you want it 


alloy 218. Yet, the new alloy is more economical because 


High-volume output and low cost 
were the twin objectives. That’s 
why Minneapolis-Honeywell de- 
cided its new Process Pressure 
Transmitter must be housed in an 
aluminum die casting. 

The housing had to be explosion 
proof—for it would operate in Class 1, Group D, Division 
1 locations. This called for thick walls—especially so for 
die casting. Mating faces had to meet flush—metal to 
metal—without gaskets. 

These were stiff conditions—demanding a new applica 
tion of the die-casting process. 

Honeywell turned to Alcoa—the company with the 
most experience in the aluminum industry. 

Working closely with Honeywell, Alcoa development 
engineers designed a die casting that’s little short of stu 
pendous. It’s made of Alcoa’s new high-strength, high 
elongation casting alloy 364, which has the properties of 
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it is easier to cast 

Hydrostatic tests proved that sand-cast prototypes 
withstand 500 psi, more than enough to assure that cast 
ings would withstand explosive pressures up to 125 psi 
Mating faces—as cast—meet with an integrity that elimi 
nates any need for a gasket. 

In castings as well as forgings, impacts, extrusions and 
screw machine parts, Alcoa puts the metal where you 
want it. Learn more about Alcoa’s ingenious solutions to 
difficult design problems—write to Aluminum Company 
of America, 908-M Alcoa Building, Pittsburgh 19, Pa 


For exciting drama watch ALCOA PRESENTS every Tuesday evening, ABC-TV 


VWatcoa ALUMINUM 


ji ALUMINUM COMPANY OF AMERICA 
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GS more designs in which 


ONE SPRING 
RETURNS THE HAND LEVER 


A flat, torsion or helical spring does the job alone. Other 
such designs appeared in the Nov 21 issue. 


L KASPER, consultant 


Philadelphia 


Swivel bar . 7 ~ J 








/ 
4 "= 
/ = 


| 
IG ) Fixed pin x ~ 





HIGHER SPRING RATE, when the projec 
tion hits the flat spring, warns operator he’s 
approaching end of travel and assures quick 
disengagement 























SWIVEL BAR, which slides on fixed pin, returns hand lever. Slot in 
swivel bar is limit stop for movement either way. 
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WHAT DO YOU WANT 
TO BOND TO WHAT? 


In metalworking, you can bond virtually any 


material to the same or another material with 
f GZ SCOTCH-WELD Brand Structural Adhesives. 





— 





73 ™ 
o-=] 


Carbide wear inserts, for example, can be joined 
to other metals without warpage or fracturing... 
magnets can be bonded without loss of magnetic 
properties . . . metals, glass, ceramics—these are 
still other materials you can successfully bond 


with SCOTCH-WELD Adhesives. 


By so doing, you eliminate the skill and control 
required in brazing and welding operations ... 


you eliminate the localized stress concentrations 





of mechanical joining and fastening, the bimetallic 
corrosion between dissimilar metals. You also 
produce smoother contours, maintain the integrity 
of structural members and increase their ability 
to absorb joint stresses. Oftentimes, inspection 


and production steps can be eliminated. 


The use of SCOTCH-WELD Brand Structural Ad- 
hesives in metalworking is a relatively new science. 
And it is one that is speeding production, cutting 
costs, improving product quality throughout in- 
dustry. For further information, write on your 
company letterhead specifying area of interest to: 
A.C.&8. Division, 3M Company, Dept. SBS- 
120, St. Paul 6, Minn. 


ADHESIVES, COATINGS AND SEALERS DIVISION 


TMiinnesora ]finine ano )/fanuracrurinc company 
. +. WHERE RESEARCH IS THE KEY TO TOMORROW 
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\—Fulerum pie onal 4 
TORSION SPRING must have coil diamete: 


O larger than shaft diameter to allow for spring 


contraction during windup 
3 
DOUBLE PRESSURE-LEVER returns handle to center from either 
direction by compressing spring. Lever pivots on one pin and comes 


to stop against the other pin 











‘dle gear 


\ 
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‘e 
Lift pins —/ 


t Nol aman iad 
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Awe 
VAAN ey 


Anchor 
post 


O 6 
SELF-CENTERING HAND LEVER returns 
5 to vertical as soon as it released. Any 
LEVER flops to stop because of spring pull. Stop movement lifts spring lever and creates 
pins inside springs limit movement. righting force 


4 


/ 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Linear transducer... 


ENCAPSULATING neasurt 1 few thousandth 
COMPOUND serves Mista oe i 


SIGNAL CONTROL t o1 r, needing no 
CIRCUIT CIRCUIT ti indicated 
Max 1 
per 
02 in ind 1 
Lity I ren constant 
Itage ti former is used. Price: $ 
for transducer with panel meter; $2] 
r transducer with ntint readin 
t-relay Assembly Products Inc, 
: Chesterland, Ohio. 


er “ a : Circle 302 on Reader Service Card 
1.5 v in one model; 0 to 24 v in another) or to control resistance. Resistance acros 


polycrystalline photoconductor terminals varies with voltage applied to light-source 

terminals, Photoconductor has 75-mw power capability and a resistance change of 

approximately 10° over control-voltage range. Priced at $9 each in quantities of one t 

24 and $7 each in quantities of 25 or more. Raytheon Co, Industrial Components Div, , 7 : 

55 Chapel St, Newton 58, Mass. Steel tubing is centrifugally . . . 


} 


Circle 300 on Reader Service Card ist in ceramic-lined metal flask _ 


Electro-optical potentiometer .. . : 


can be used to amplify signal (voltage to resistance) within narrow voltage 


requil nt 


irem ] 
ind = hydrauli 


reported to be | l la 1 
in other process American Cast Iron 
Pipe Co, Special Products Div, P O Box 
2603, Birmingham 2, Ala. 

Circle 303 on Reader Service Card 


Nickel plating . . . 

produces satin-type finish 
Miniature digital readout .. . plating bath. Two-tone « 
for computers and control and test equipment, rear-projects #-in. digits onto lucite obtained by buffing raised su 
viewing screen, which can be swung out of position when required. Digits, visible from luster. In seratch-brush finish 
any viewing angle, are uncluttered by mounting holes or other detail on front of read- plate applied remains on it 
out. Light source comes from subminiature lamps, either No. 327, 328 or 330. Voltage indicate high corrosion-resistanct 
is from 6 to 28 v. Subpanel-mounted unit measures 34 x 1 x ¢# in. and weighs 34 oz. in pilot plant production 
Available in assemblies or as single units at $35 each. Delivery, 30 days. Industrial expected to be generally availabl 
Electronic Engineers Inc, 5528 Vineland Ave, North Hollywood, Calif. 1961. Udylite Corp, Detroit 11. 

Circle 301 on Reader Service Card Circle 304 on Reader Service Card 
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Position indicator . . 
ontinuously reads up to 
chanical travel or fluid le 
float, rides along prob 


Or directly connected t-re iding 


receiver. Probe-enclosed foll magnet 


ically coupled with moving traveler, shunts 


out part of resistive circuit s which 


Cl i 
receiver meter is connected. Varied-form 


travelers can be secured to any linear 
motion device. Gems Co Inc, Sheppard 
Lane, Farmington, Conn 


Circle 305 on Reader Service Card 


Stainless steel scroll .. . 
based on a Neg’ator constant force spring 
pnt d infor 


position indica 


stores and displays 
mation as scale readings 
tions or instructions. Self-coiling design 
eliminates secondary drive 

kept taut by built-in 
Hunter 
American Machine & Metals Inc, 1 Spring 
Ave, Lansdale, Penna. 


Circle 306 on Reader Service Card 


equipm« nt 
Drums ar 


spring 


tension Spring Co, Div of 


Titanium diboride .. . 
in fine, high-purity powder form, can 
fabricated into a variety of shapes and 
sizes. Flexural strength of the refractory 
is stated at 35,000 psi over a temperature 
range of 77 to 3632 F. Weight is approxi 
mately half that of stainless steel and only 
alumina Although 
} 


in the range of boron carbide 


12% greater than 
hardness 
makes fabricated titanium diboride un 
machinable except with diamond tools, 
intricate shapes can be machined with 


conventional tools during processing 


stages. Reported to resist oxidation at 
1832 F and show low oxidation rate at 


2552 F. Electrical resistivity is said to 
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be 20 to 30 micro-ohm cm at 68 F and 
80 to 100 micro-ohm cm at 1832 F. Has 
modulus of elasticity similar to ceramic 
materials. Billed as suitable for lightweight 
ball and roller bearings for high-tempera 
ture, high-performance (jet and rocket) 
engines; knife edges; metal-spraying equip 
ment, and crucibles, pumps and valves for 
nonferrous metals. National Carbon Co, 
Div Union Carbide Corp, 270 Park Ave, 
New York 17. 

Circle 307 on Reader Service Card 


Straight, reverse-tapered 
tubing . . . 

OD range is from .117 to .625 in. and 
vall thicknesses from .012 to .0625 in 
\vailable up to 10 ft long. 
tapered tubes are furnished in two forms 
tapered from middle to both ends and 
tapered from ends to middle. Straight- 
tapered tubes are tapered continuously 
from one end to other 


Reverse 


Produced in 
urbon, alloy and stainless steels; nickel 
ind nickel alloys; beryllium copper; and 
such reactive titanium and 
sirconium, Superior Tube Co, 1556 
Germantown Ave, Norristown, Penna. 
Circle 308 on Reader Service Card 


metals as 


Miniature multiple counters... 
operate at a frequency exceeding 200 kc 


; 


it less than w per transistor-equipped 
decade, with electrical reset and optional 


1-2-4-8 


itput. Up to eight decades available 


line coincidence or binary 


Numerals are 1 in 
Robot- 
School, 


is ¢ omple te unit 
centers 
Indian 


high, displayed on 2-in 
Corp, 2422 FE 
Phoenix, Ariz. 

Circle 309 on Reader Service Card 


omcs 


CONTACTS ADJUSTING SPRING 


ADJUSTING SCREW 


Miniature thermostat. . . 

is hermetically-sealed to hold its control 
temperature to 34.5 F for over 500,000 
operations with a resistive load of 4 amp 
at 26 v, de. 
at 115 v/60 ¢, ac 


Handles loads up to 4 amp 
Set to tolerance of 


+33.8 F. it can control small ovens with 
variations of less than +33 F over a wide 

Measure 
Shock- and 


vibration-resistance makes it suitable for 


ambient temperature rang¢ 


1.325 in. long x .317 in. dia 
electronic apparatus subject to rough 
treatment. Instrument Div of Thomas 
4 Edison Industries, McGraw-Edison Co, 
61 Alden St, West Orange, NJ. 

Circle 310 on Reader Service Card 


High-torque drive .. . 
provides infinitely variable output speed 
in each of four different 
When used with an 


transmission 
ratios 1800-rpm 


motor, unit offers every rpm between 


180 and 1800. Using a 1200-rpm motor, 
all speeds between 120 and 1200 rpm 
re available. Furnished in either drip 
proof or totally enclosed, fan-cooled 
designs in 4, 3 1 hp. Lima Electric 
Motor Co Inc, Lima, Ohio. 


Circle 311 on Reader Service Card 


Linear-motion potentiometer’s 
resistive 
track ot 


together with 


element embodi solid raised 


plasti molded 


terminals and 


conductive 
taps t 
phenolic insulator base of matched the: 
Conductive 
plastic track can be provided with wide 
range of electrical resistivities. Measuring 


4 in. dia, unit is suitable as feedback 


mal-expansion  coefhcient 


device in such rectilinear actuator servos 


is valve stem indicators for fluid flow 


} 


rate and pressure controls. Permits coaxial 


t design mnfigurations 


nounting to me 
in pneumatic and hydra 
Electrical output accuracy 


continued on page 94 
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%4-TURN FASTENERS 


4 


"42 seconds 


to remove this panel 


& 


CAMLOC 
“-TURN FASTENERS 


The odds are in your favor by 512-to-1 when you design-in Camloc 
Y -turn fasteners. By actual test, you save that much time—compared 
to screws—in removal and replacement of these panels. What’s more, 
there are no loose parts —Camloc fasteners are “captive” in the 
mating panels. By all odds, Camloc “%-turn fasteners cost you less to 
use, save you time, save you effort in fabrication and service. Millions 
of fasteners in use today are proof of their outstanding, money-saving 
qualities. Write today for Catalog. 


SOME TYPICAL APPLICATIONS 
Aircraft Panels ¢ Electronic Sub-assemblies * Railroad Cars 
Heavy Machinery « Lighting Fixtures ¢ Missiles ¢ Automo- 
tive Equipment « Television Studio Equipment ¢ Transit 
Cases ¢ Business Machines * Consoles * Collapsible Units 


“Specialists in Fasteners 
A m LO = for Industry” 
4 SES 


CAMLOCG FASTENER CORPORATION 
62 SPRING VALLEY RD., PARAMUS, N.J. 
LOS ANGELES. CALIF. + FT. WORTH, TEXAS 
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continued 


or better. Available wit! 
resistences ranging from | to 20 k ohm 
and shaft stroke lengths of 1.587 and 
600 in. Markite Corp, 155 Waverly PI, 
New York 14. 

Circle 312 on Reader Service Card 


Heavy stud bearings .. . 


provide high shear strength to a 
modate exce tud deflection in 
cally loaded track, guide, support and 
applications. Roller diameter « 
tw model tart at 4 in.; stud diameter 
from 4 in. Capacities range from 47( 
2U lb at 100 rpm. Full rac 
ind hardened end plates are sax 
tor t wear under misalignment. Bearing 
Div, McGill Mfg Co Inc, Valparaiso, Ind. 
Circle 313 on Reader Service Card 





Porous metal filter element. . . 
nade of tered stain] tecl, is designee 
for corrosive, high-temperature and h 
ity fluid Available in 4 2( 
ind 2-micron particle-retention rat 
Reported to be free from media-migration 
under high-differential pressures, vibration 
thermal shock Large percentage of 
voids provides high dirt-holding capacity 
Commercial Filters Corp, 2 Main St, Mel 
rose 78, Mass. 
Circle 314 on Reader Service Card 
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Certi-Crimp* + A-MP-O-LECTRIC + Plasti-Grip « SOLISTRAND * Plasti-Bond «+ AMP-O-MATIC « Amplifilm * AM 


+1945194619471948 19) 


MPO WER + DIAMOND GRIP > AMPORTAPOWER * AMP EDGE + Gerti-Crimp «A-MP-O-LECTRIC < Piasti-Grip » 


—_— U.S. Patent Office 


INDUSTRY 


All connectors may look alike but when faced with the 
test of performance. . . contact crimp reliability makes 
them all different. The big difference between other con- 
nectors and the AMPin-cert connector is the snap-in 
design contact attached to the wire by AMP's precision- 
controlled, compression-crimp technique. Twenty years of 
intensified research, development and production stand 
behind the industry-accepted compression technique 
which produced Solistrand®, Diamond Grip®, Pre-Insu- 
lated Diamond Grip®, Plasti-Grip®, Certi-Crimp® and the 


LEADERS 


BECAUSE IT’S THE CRIMP THAT COUNTS! 


more than 15,000 different AMP circuit termination 
products. This is the common denominator which spells 
out unquestioned reliability in all our products including 
the AMPin-cert connector line. ANOTHER AMP FIRST! 
Now AMP offers tape-fed, automated application of 
AMPin-cert contacts. Production levels of up to 1,500 
terminations per hour can be achieved with standard 
A-MP-O-LECTRIC® machines. Also, the AMPORTAMATIC 
crimping tool is available for tape-fed terminations in 
hard-to-reach locations. 


ANIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England » France « Holland « Italy « Japan « Mexico « West Germany 
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. continued 


1% Times 


Actual Size 
Differentially coupled 


SPECIAL G-E GLOW LAMP 
NE-68A) HOLDS VOLTAGE SS" 


nput haft 
Inj 1a 


ontinuously 


VARIATIONS TO LESS THAN 3V 2" Sous 


‘. terminals is electrically energized 
bb 
, 


ent of power failure, brake locks out 





haft to housing with zero backlash 


ip. Made of stainless steel with molyb 


Sti} 


~— ‘a denum disulphide impregnated sleeve beat 


ings. Coil terminations are located insid 
16-0z unit. Normally wound for 24 to 28 
d Marketing Computers Inc, 50 St 
—_ 2 7 ieee Benedict, Florissant, M 
SCREEN VOLTAGE REGULATOR a eee See ‘ 
Circle 315 on Reader Service Card 





Here at last is a glow lamp with true voltage regulation specifications. 

Within a range of 52 to 65 volts, each individual General Electric NE-68A : 
will not vary more than three volts even though current through the lamp Retes-smstet Sorep 
fluctuates between .1 and .3 milliamps. Minimum maintaining voltage of all an a : ns te said o ' 8 
NE-68A's at .1 milliamps is 52 volts; maximum voltage at .3 milliamps is of thickness—eliminates need 


€ 


srinding and lapping oper 


65 volts. 
The G-E NE-68A is a pre-aged glow lamp with plated leads to make 
soldering easier. It contains a mild radioactive additive for reduced dark 


dimensional reject 

| 

el, aluminum, titaniu 
ther metals in 


effect. Special treatment with the G-E Dri-film process insures high leakage , . 125 in. and 


Oo 


resistance under humid conditions. Seeeionn Glee On foe SOE 
Prince St, Flushing 54, NY. 
Circle 316 on Reader Service Card 





DIRECT CURRENT CHARACTERISTICS 


Breakdown Voltage (in light) ........... . . 60-90 volts d-c 
Breakdown Voltage (in dark) ............ . 110 volts d-c maximum 
Maintaining Volts (.1 to .3 m.a. range) ...... . . 52-65 volts d-c 
Extinguishing Volts (in series with .25 megohm or more) . >50 volts d-c ire mad 
Design Current..... errr ° ) SFG YS treated Have tensile strength of ov 
Leakage Resistance at 15% RH and "80 F : . . « « « 109 megohms or more 1 3 ‘ ps ompared with a reported 
Life (at .3 m.a. d-c for an average change of 5 volts in )0 psi strength for other carriage bolt 
maintaining voltage) ..........+44.4.+.... + 2000 hours Premier indus Cop, 4415 Euclid Ave, 
Cleveland 3 

Circle 317 on Reader Service Card 


High-strength carriage bolts 


of high-carbon steel, triple heat 











There is a General Electric Glow Lamp to fit your circuit requirements 

For the latest information on Glow Lamps as Circuit Control Components 

and Indicators, write for 4-page Bulletin #3-0193. General Electric Co., Automatic timer... 
Miniature Lamp Dept. M-034, Nela Park, Cleveland 12, Ohio. temperatures between 


IF’ and is said to be accurate within 4 


1 


and 


F. With timer, ee) eww antl chamber com 
Progress Is Our Most Important Product ae ao ein Te edie iia te 


d pendent time durations of up to three 


G t N E R A L p LECT F | C hr each for any pair of preselected high 
n ] le W te mp ratures s le tor switch 


| continued on page 10( 
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Laboratory facilities at Standard have kept 
well in step with the revolutionary advances which have 
been made in the field of metallurgy during the past 
decade. Plant facilities, too, are geared to produce 
even the most exotic of special alloys which today’s 


industry demands. 


% 
. 


ee 


pe 


wae 
a 


|, “@ 


cad 


And Standard’s famed personalized service means that 
your most difficult problems can be resolved by our 
metallurgists and engineers and assures a finished product 
which meets your most exacting requirements, delivered 
in record time. Write today for the illustrated booklet, 


“Quality Control at Standard.”’ 


Arrow 


Standard Steel Works Division (“> 


BALDWIN : LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA 


PRODUCT ENGINEERING - DECEMBER 5, 1960 


Rings ¢ Shafts ¢ Car wheels * Gear blanks « Flanges * Specia! shapes 





Cataloged Lines 


of 


Air and Hydraulic 


Cylinders 


| cemammmmmaanaa i aia 


LOGANSPORT MACHINE CO., INC. 
812 CENTER AVENUE, LOGANSPORT, INDIANA 


PLEASE SEND COPY OF CATALOG 


(CO 100-1 AIR CYLINDERS 

() 100-2 MILL-TYPE AIR CYLS. 

(J 100-3 AIR-DRAULIC CYLS. 

( 100-4 ale VALVES 

(CJ 100-5 LOGANSQUARE CYLINDERS 
(J 100-6 ULTRAMATION CYLINDERS 
() 300-2 PRESSES 

(FACTS OF LiFE 


To: 
NAME 


(CO) 200-1 HYD, POWER UNITS 
(C) 200-2 ROTOCAST HYD. CYLS. 
(CK) 200-3 750 SERIES HYD. CYLS. 
(J 200-4 AND 200-7 HYD. VALVES 
(CJ 200-6 SUPER-MATIC CYLS. 

C 300-1 cnucks 

(J ABC BOOKLET 

CO circuit river 


TITLE 





COMPANY 





ADDRESS 





44.44% 


Of all U. $. Metalworking Plants 


Use CU 4 


AIR and HYDRAULIC 
EQUIPMENT 


Free 


SEND FOR 
YOUR COPY OF 


A down-to-earth 
20-page booklet 
on the “rights” and “wrongs” in setting up 
and servicing air and hydraulic equipment. 


MEMBER: National Machine Tool Builders’ Assn.; 
National Fluid Power Assn. 
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ALGO 


FOR THE BENDIX G-15 COMPUTER 


Speeds and Simplifies Problem Solving 


ALGO extends the problem-solving horizon of every engineer, focusing the speed and 
precision of the Bendix G-15 computer on any algebraically stated problem. @ A true 
mathematical equation solver, ALGO permits any engineer or scientist, to program the 
computer in universal mathematical language. No previous knowledge of computers or 
programming is needed. Input/output, computation and data handling are all automatically 
controlled by the G-15 computer. @ Compare the number of steps in the ALGO program 
illustrated below with the number required to solve the same problem on a slide rule, desk 
calculator or any other computing system. You will see the time and cost-saving significance 
of this new Bendix G-15 automatic programming aid. @ Specifically designed to take ad- 
vantage of the computing power and flexibility of the proven G-15, ALGO is the newest 
addition to an extensive library of Bendix automatic programming systems. See how the 
low-cost Bendix G-15 and ALGO combine to broaden application boundaries. Learn how 
this powerful team can save you valuable time...and greatly simplify problem solving. 


*® AN ALGEBRAIC COMPILER BASED ON INTERNATIONAL ALGOL 


£ 
|= <== 
VR’ + (6.2832 FL — 1/6. 2832 FC)’ 


For values of RF & L as specified. For values of E ranging fron 
f § For values of C ranging from 0002 t Zlinir € 








COMPLETE A C BEGIN © 
PROGRAM: R 10 ® 

f 60 © 
l 2 © 
FOR £ 100(50)300 BEGIN © 
FOR C 000002(00000001)0000021 BEGIN © 
! E/SQRT(R Tf 2 + (602832 * F #1 (1/(60283: F 
PRINT (FL) E® 
PRINT (FL) = C® 
PRINT (FL) | © 


Write on your letterhead for the self-teaching ALGO manual. 


Bendix Computer Division 


DEPT. AW-23 LOS ANGELES 45, CALIFORNIA 





WHATEVER YOUR REQUIREMENTS <rvs=-=0e=+-rses 


; sets intervals to include transition times as 
FOR ROTARY PUMPS THERE S well as constant-temperature time. Delta 
| Design Inc, 7460 Girard Ave, La Jolla, 
Calif. 
A ROPER 10 D0 THE JOB Circle 318 on Reader Service Card 


Series T .3 to 55 GPM Photoelectric control . . . 

Choice of 192 Models comes in flashlight-type cylinder, 74 n 
Pump and motor units . . . pump serves as end bell long x 1% in. dia with a conduit hul 
of motor. Require minimum space . . . easily in- threaded for 4-in. pipe. Contains cadmium 
stalled . . . no coupling required . . . mount in any selenide cell, transistor-equipped amplifier 


position. Each unit approximately same size as 


NEMA motor of HP required for driving. Open 9 transformer and output relay In 
drip proof or totally enclosed motors; single or relay operation, light impulses as short a 
three phase as required. f 1@) a R 0.015 sec at light-beam ranges up to 2\ 

ft are said to be possible Photoswitch 


ROTARY PUMPS Div, Electronics Corp. of America, 1 Me- 
a << morial Dr, Cambridge, Mass. 


Circle 319 on Reader Service Card 
Series F 1 to 300 GPM 
Pressures to 300 PSI 


Feature helical steel pumping gears, hardened steel 
shafts, bronze flange-type bearings. 4-port design 
with 8 optional piping arrangements (4 for CW and 
4 for CCW rotation) solves installation problems. 
With or without built-in relief valve in either 
mechanical seal or packed box construction. 








ROTARY PUMPS 


Series K % to 50 GPM 
Pressures to 150 PSI 


Extremely compact in all sizes. Helical pumping 
gears are hardened steel, with steel shafts and bronze 
bearings. Sizes 10 through 50 GPM have patented 
venturi suction and discharge principle for smooth 
flow and quiet operation. With or without built-in 
relief valve; packed box or mechanical seal. 





ROTARY PUMPS Dc instrument motor... 


has continuous output torques ¢ U oz-in 
I l 

md imtermittent torques of 5U oz-in. ¢ 
Series H 5 to 75 GPM rpm. Power inputs average 80 mi Y 
Pressures to 1000 PSI it no id: 180 milliw at 40 oz-in. at 2 
: rpm. Contains no revolving windings or 

Designed to operate at direct motor speeds. Used 

. ~ . liding mechanical commutators Stand 

for all types of hydraulic mechanisms where high ; 2 to 2 ‘ 


pressures are required. Hardened steel spur gears urd speeds are from 2 rpm 


for maximum efficiency, and heavy duty roller available without reduction gear at nom 

={@) PE FR bearings and bronze wear plates for long life service. inal speed of 3000 rpm. Wound for in 
Mechanical seal or packed box. ’ 2 , 7 

put voltages of 3, 6, 12 and 24 v, d 


ROTARY PUMPS Brailsford & Co Inc, 670 Milton Rd, 
Rye, NY. 
S| ies : a 4 Circle 320 on Reader Service Card 


Series 38600 40 to 300 GPM 
Pressures to 100 PSI 


Handle thick or thin liquids at slow speeds. Operate 
in either direction. Hardened iron pumping gears, 
hardened steel shafts, heavy duty bronze sleeve 
bearings. Mechanical seal or packed box. Series 
includes tank truck pumps as well as single mo- 
tor driven units with gear reduction. 


Send for ROTARY PUMPS 
“How to Solve Pumping Problems” 











COMMERCE, Double-duty connector . . . 


Roper Hydraulics, Inc. GEORGIA permits multiple connections to sam 


minal Includes both a connector, and 
Manufacturers of Standard, Special and Custom Pumps for All Industries integral male terminal to which another 


continued on page 
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THE MAN FROM 
MUELLER BRASS CO. 


NTS ONE DEPENDABLE 





“POWDERED METAL PRODUCTS FORMED COPPER TUBE 








7 
FORGINGS — an _| 
> 


LES! 
SCREW MACHINE 
PRODUCTS 














70% 


IMPACT 


7 sis 
>. | po EXTRUSIONS 


CUSTOM EXTRUDED 
PLASTIC SHAPES AND INJECTION MOLDINGS 














— 
deal MUELLER BRASS CO., port HURON 29, MICHIGAN 
L 


BRASS CO 317 
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Synthane makes 
laminated 


and fabricates 


ee ne 


plastics 


We have the facilities; the know-how is free 


Consider these three, of many, rea- 
sons why it is to your advantage to 
let us fabricate your laminated 
plastics parts. 

First, we have the facilities for the 
millers, drills, lathes, 
punch presses, planers, sanders. Hun- 
dreds of them. Many are standard 
machine tools modified to machine 
laminated plastics quickly and easily. 


job. Saws, 


You furnish the print 


Others are special, designed primarily 
for the high-speed production possi- 
ble with laminated plastics. 

Second, behind the machines are 
people who know practically every 
trick in the book for turning out a 
first-class job fast. They also know 
what to avoid doing. 

Finally, it will hardly pay you to 


handle your own fabrication—in 


we'll furnish the part 


102 CIRCLE 102 ON READER SERVICE CARD 


terms of money, in headaches, in 
possible errors, waste or delays. Call 
a Synthane representative near you 
for a quotation—you’ll find him in 
any principal city or write Synthane 
Corp., 4 River Road, Oaks, Pa. 


CORPORATION OAKS, PENNA. 


Sheets « Rods « Tubes « Fabricated Parts 
Molded-laminated « Moided-macerated 
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Better products through better methods and steels 


How zine-coated steel cut 5 steps from 
automotive lamp housing fabrication. 
When automotive head and tail 
lamp housings were drawn from cold 
rolled sheet steel and then zinc-plated 
or painted, as many as five or six han- 
dling and cleaning steps were required 
to make them corrosion-resistant. 
Now, fabricated from Weirkote 
continuous-process zinc-coated steel, 
the housings go directly from the 
press to the assembly line. Further 
processing is unnecessary 


because Weirkote can be 


It’s this superiority that caused the 
automobile industry to increase its con- 
sumption of zinc-coated steel more 
than 700% in five years; to use it in such 
varied applications as mufflers, window 
channels and the understructures of 
unitized bodies; to take advantage of 
developments such as differentially 
zine-coated steel that can be welded at 
top production-line speeds. 

A major supplier is Weirton Steel 
Company—producer of Weirkote con- 

tinuous-process zinec-coated 


steel sheets and many other 


worked to the limits of the ge Ee excellent steels that are im- 


steel itself without chipping or flaking 
its corrosion-resistant zine surface. 
Look for the STEELMARK 


on the products you buy; place 
it on the products you sell. 


proving products, methods and profits 


throughout industry. 


WEIRTON STEEL 


Weirton, West Virginia 


Weirton Steel is a division of NATIONAL STEEL CORPORATION 


Weirkote will also be available in 1961 from National’s Midwest Steel Division, Portage, Indiana. 





For Hydraulic and Pneumatic Applications 


Nothing rolls like a Bellofrant 
Rolling Diaphragm. it’s frictioniess! 


The Bellofram Rolling Diaphragm provides ultrasensitive response in 
hydraulic or pneumatic devices where frictionless, long-stroke action in 
small-diameter configurations is required ... and where flex life of mil- 


lions of cycles is necessary. 


These desiderata are achieved through the rolling action of a flexible 
thin-sidewall diaphragm consisting of a high-tenacity fabric overlay em- 
bedded in elastomeric material. 


Fig. I shows how Bellofram Rolling Diaphragm conforms to the piston. 
Fig.. II shows how, as the piston descends under pressure, the diaphragm 
rolls off the piston’s sidewal! and onto the cylinder’s sidewall in a smooth, 
continuous, frictionless movement. 


The Bellofram principle can be applied widely in actuators, pumps, 


instruments, seals, accumulators, fluid dampers, etc. 


Which of these advantages are you 


To the designer con- 
fronted with situations 
for which conventional 
bellows, O-ringa, or cup 
packings are inade- 
quate, Bellofram Roll- 
ing Diaphragm offers a 
constellation of advan- 
tages found in no other 
product: 


1. Friction-free 
(low hysteresis). 

2. Ne break-out friction 
effects. 

3. Completely leakproof 
device. 


4. Constent area in all 


piston positions. 





Almost infinite flex life 
( millions of cycles). 


. Sensitivity to extremely 


small pressure changes. 


. No mechanical spring 


gradient. 


. Compatibility with 


practically all 
environmental gases or 
fivids. 


. Automatic de-icing 


action. 


. Free positioning with 


complete relaxation at 


any point in its stroke. 
. Does not require close 


machine finish toler- 
ances on pistons and 
cylinders. 


Send for Free Literature 





12. 


13. 


looking for? 
Freedom from abrasive 
weer. 


One hundred stock 

sizes. Four mounting 
configurations. Special 
types and sizes designed 
to order. 


. Excellent temperature 


stability, from —85°F. 
te 550°F. (from —120°F. 
to 700°F. in some cases). 
Wide range of working 
pressures: 1 in. H20 te 
500 psi (vp to 1200 

psi in some cases). 
Effective pressure areas 
from .028 to 108 sq. in. 
Cylinder bore diameters 
from .25 to 12 in. 
Extended range of stroke 
(.01 te 12 in.). 


Some territories open for technical sales representatives 


Bellofram 


@Reg. trademark U.S.A. and foreign countries + Bellofram Rolling Diaphragms are protected by U.S.A. and foreign patents 
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female connector or double-duty connector 
attached 


wires in sizes 12 to 18 


Crimp-on section a 
commodates Made 


of heavy-gage brass and available individu 


can be 


ontimuous strips for automatic 
attachment Ark-Les Switch Corp, 51 
Water St, Watertown 72, Mass. 

Circle 321 on Reader Service Card 


ally or in 


Air-pressure valves... 
open with less than ¢ of a turn 
valves both open and close and are suit 

pressures up to 400 psi hree 


lves open, close and exhaust up to 


psi All have s-in. max orifices 
vailable in combinations of 4- and }4-in 
male and female pipe ports and 2-in, male 
pipe ports. Generant Engineering Co, 

260 S 20th St, Newark 3, NJ. 
Circle 322 on Reader Service Card 


Hp-rated rotary switch . . . 
designed for motor-control and pow 
vitching applications up to 40 hp at 
Current rating 1s 605 amp, OUU V, a 
» isolated, double-break, silver 
itacts in each of 12 stage Cam 
to open 


often as required during swit h 


ntact in be arranged 


Standard contact development 

for 90-, 60-, 45- and 30-deg 

irow. Delivery in 10 to 20 day Amer 

ican Solenoid Co Inc, US Highway 22, 
Union, NJ. 

Circle 323 on Reader Service Card 


Pushbutton switch . . . 
uid to last for a minimum of 
perations at rated load Available as 
ther 2P2T or four-circuit unit. Fits 
amp inductive 
Control 


in. hole and is rated at 2 
Ul | imp 
Switch Div, Controls Company of Amer- 
ca, Folcroft, Penna. 

Circle 324 on Reader Service Card 


resistive, 28 v, d 


Eight-circuit duplex breaker . . . 


its into same space as four-circuit single 


breaker load cente Dual breakers ar 
issembled side-by-side in standard-size case 
Mechanically attached to rigid steel back 





BELLOFRAM CORPORATION, 22 BLANCHARD ROAD, BURLINGTON, MASSACHUSETTS 
BRowning 2-2100 Mission 3-9000 


continued on page 106 
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vour guide 


| 


oe 
Se 
gir. 


for your 
application 


This new catalog is an invaluable direc- 
tory to no less than 129 pump-and- 
electric-motor-combinations — any and 
all available off-the-shelf! 


Searching for gear pumps with top volumetric effi- 
ciencies? Do your performance requirements fall 
into one of these three major groups? 
@ Eastern 1200 series — up to 1.6 gpm — 
pressures to 800 psi 
@ Eastern 100 series — up to 5 gpm — 
pressures up to 1500 psi 


Other Eastern products: 
@ hydraulic motors @ positive displacement pumps 


@ centrifugal pumps @ aircraft pumps 


@ Eastern 700 series — up to 9.8 gpm — 
pressures up to 1500 psi 
If one or more of these performance ranges meas- 
ures up to what you need, save hours of searching 
your way through the gear pump maze — send for 
catalog 810 now! 


EASTERN 
INDUSTRIES, 
INCORPORATED 


Hamden, Connecticut 


PA =- 
‘ & 
i . 

eo ve ™ 





- 


MiCRO-FrwGeeeew FOR! oe: 
COMPLETE RELIABILITY | bene tae tins, ‘mechanism canbe 


dropped into case during assembly oper 
ee ations rather than assembled in case. Avail 
able in three combination ratings: 15 and 


15 amp, 15 and 20 amp, and 20 and 2! 


bo ; , - / é ae % ; : 
ber iti urn ‘copper amp; all at 120/240 v ac. Bryant Electric 
7 7 . 


Co, Bridgeport 2, Conn. 


: - < & Circle 325 on Reader Service Card 
ele tr cal contacts 
pe ae Vac. Gree” _ eg ” 


; 
le é 
} 
i 
’ 


@ Excellent Electrical 
Characteristics 


@ Precision Accuracy Increase 


@ Freedom from Fatigue Dependability 


© iligh Efficiency at of Your 


Miniature 
Elevated Temperatures Sockets and 


@ Corrosion Resistance Terminal 
@ Uniform Quality | Boards 








Small-diameter wheels . . . 
with 8-in. pneumatic tires are designed 
for low-speed, light-duty industrial and 
agricultural operations Stamped-drop 
center rims and hub are welded into 
one assembly Hub and bearing diam 
eters start at § in. Hub lengths are avail 
able up to 74 in. French & Hecht Div, 
Kelsey-Hayes Co, Detroit 32. 

Circle 326 on Reader Service Card 


One-lamp diazo 


whiteprinter . . . 
has fingertip dial-speed controls which 
eliminate gear changing Makes sepias 


and foils as well as whiteprints. Printing 
Request your copy ‘ 

of the I-S catalog . unit and transparent developing tube can 
rode E 8 be mounted on office wall. Five models 
springs, flat erie Scr are available, taking any length paper in 
springs, strip q : on - 4 

springs, contact aR gs widths of 18, 27 and 42 in. Prices start at 
strips, contact . $1795 ite Sale . irling 
ringe ond eorew contacts provide $129.50. Rotolite Sales Corp, Stirling, 
machine parts. trae NJ. 

Send drawings ey * . 
and spcaiteations ; fe Circle 327 on Reader Service Card 


for quotations on 
your specific re- 
quirements. 


Portable, variable transformer 
} a features an “overvoltage, no-overvoltage 
available ; ork out your pies) selection switch which limits max output 
problems and will gladly make recom- to line voltage (120 v) or to overvoltag 
mendations on receipt of your applica- | rating (140 \ I'ransformer face carries 
tion data; no obligations. ‘ two voltage calibration sets in two differ 











ent colors to match output indications on 


INSTRUMENT SPECIALTIES selector ~— ee handle also 
serves as easel. Rated at 7.5 amp and in 

co e inc PROCESSED” petits seitiathan circuit breaker Pri e 

234 Bergen Bivd., Little Falls, N. J. of one through five units, $28.50. Ohmite 


Telephone: CLifford 6-3500 Mfg Co, 3627 Howard St, Skokie, Il. 
a Circle 328 on Reader Service Card 
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Files jammed and no more 


space for files (or so it seems) 


then they need 


Add individual file 
tubes horizontally or vertically 
as needed 


Individual indexing 


on file decor 


Arrange in any size or shape 
stack to fit available space 


LEASE PLAN AVAILABLE 


Mail coupon for details. 
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—dog eared, torn, or wrinkled. 


A; 


Cone-shaped opening for 


fingertip removal of drawings 


File single rolled drawing, 
or 3 or 4 individually rolled 
drawings, or group-roll up to 

30 per tube 


| ©1960 

i) 2, 

PACK MANUFACTURING CO. 

P. >. Box 508, Logan, Utah 
Please send me more information about the Pack Inter-Lock File system 


Name 

Firm Name 
Address 
City 
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Wasted time searching 


for drawings lost, misplaced, or 
mis-filed. 


SAVE SPACE 


Arrange in any size or shape stack to 
fit existing space ... extend stacks 
right to the ceiling or around existing 
files. 


SAVE TIME 


With indexing and out-marking right 
on file door, drawings are easy to file 
and find . . . and cone-shaped opening 
permits fingertip removal. 


SAVE MONEY 


Cost is low, and many firms purchase 
as “office supplies” instead of Capital 
equipment. 


PROTECT DRAWINGS 
Dust-proof, light-tight, crush proof, 
and fire-resistant construction keeps 
valuable drawings safe. Easy access 
protects from handling damage. 


| am interested in your leasing plan 


Title 


Zone State 
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THE KEY 10 YOUR 
SECURITY DESIGN PROBLEM 


If the equipment or product you are designing 
should have a lock, it should have the unique 
Chicago ACE® Lock. The above key fits the cir- 
cular keyway of an ACE lock and is as symbolic 
of maximum security as it is different from con- 
ventional keys. 

Because of the intricate tumbler combinations 
possible in a Chicago ACE Lock, you can specify 
your own registered, unduplicated key cut with 
duplicate keys available from the factory only. 

To learn more about the 
advantages of ACE and the 
complete line of Chicago 
Locks, write for a copy of 
our catalog and bulletins. 








CHICAGO LOCK CO. 


2050 North Racine Avenue - Chicago 14, Illinois 
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See 
@): 


—_ 
u”AN 


DYNACO 
MASTER 
CATALOG 
F-128 
128 PAGES! 


LISTS OVER 
50,000 DYNACO 
COMPONENTS 
AVAILABLE FROM STOCK! 
Gears ¢ Shafts ¢ Differentials 


Transmission « Speed Reducers & Gearheads 


GEAR CO. INC. 
AMITYVILLE, 


NEW YORK 
CIRCLE 204 ON READER SERVICE CARD 


PENINSULAR’S team of 


9 Steel Service Centers 
working together to give you 


STEEL plus SERVICE 


a 


‘ 


. 
Sleadbitoth ’ 4, gQavrToe 


oot 


¢ 


TOOL STEELS + ALLOYS +» COLD DRAWN +. HOLLOBAR 


PRECISION GROUND STEELS + ORILL ROD + PLATE 


Over 40 Years of Gervice to indusiry 


a PENINSULAR STEEL COMPANY Ug) 


Cc 24401 GROESBECK « P. O. BOX 3853 « DETROIT 5, MICHIGAN 


fone DREXEL 1-9400 « PRESCOTT 8-2121 


tte + CURVELAMD © INDIANAPOLIS © TOLEDO © AKEON © DAYTON © CHICAGO © GEAND FArIOS © BUFFALO 
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Synthesis of New High- 
temperature Materials 
PB 161720. Engelke, Halden, Farley. Office 
of Technical Services, US Dept of Commerce, 
Washington 25, DC. 81/2 x 11, 39 pp. $1.25. 
Melting points of promising high 
temperature structural materials (bor 
ides, carbides, and oxides 
Stanford Research Institute 
report to Wnght Air Development 
Div. High-temperature 
still hafnium-tantalum 
7150 | 


ne arly 


ire tabulted 
in this 


} 
champion 1s 
, ’ 
carbide meit 


ing point but the study 
uncovered 


with 


more; and at least onc 


en compounds 


6000 F ofr 


a doz 
melting points of 
a molybdenum 


carbide-molybdenum boride 


tion, with unusual ablation properties 
On the other 
metallurgical investigations have led 
the SRI resear the 
conclusion that the hafnium-tantalum 
compound is likely to retain its cham- 
pionship. It is unlikely, say, that 


compounds melting above 7200 F can 


compos! 


1and, chemical and 


hers to reluctant 


7 
they 
be found 


Digital-computer 
Fundamentals 
THOMAS C BARTEE. McGraw-Hill Book Co Inc 


330 W 42nd St, NY 36. 61% x 91/4, 342 pp 
$6.50. 


Another 
backg1 


digital computers 


: : 
book that provid the 


yuund needed understand 
ranged than 
many, not so eng vritten a 


if you wal to 


compute! 1S 


some loday, kn yw 


what a digital ind how it 


works, you have choice of at 


youl 





job they gave 4 


least five books currently on the 
market; they all cover the same ground 
in about the same depth and assume 
about the same degree of reader 
sophistication. This one’s not much 
different than the rest of the lot except 
for two deviations from the standard 
routine. First, there’s a chapter on 
programing near the beginning of the 


book 


binary 


before the author brings in 
numbers, or basic computer 
elements such as accumulators, storage 
devices, control circuits and input-out 
put equipment. And second, there’s 
1 chapter on logical design in the 
middle of the book in which the 
explains in detail 
Boolean algebra and its application to 


iuthor some 


computer design. No _ pictures, but 
a number of sketches which comple 
ment the author’s clear, but not very 
compelling prose. 


Other Books of Interest 
A Survey of Solid-state Light Ampli- 
fiers and Allied Devices 


PB 161465. Justin Ruhge. Office of Technical 
Services, Dept of Commerce, Washington 25, 
DC. 8 x 10%2, 60 pp. $1.75. 


Unified Screw-thread Standards 


ASA B1.1-1960. American Society of Mechan- 
ical Engineers, 29 W 39th St, New York 18 
82 x 11, 148 pp. $5. 

Status Report on Pressurized Water 
Reactors as of 1959—Part Ill, Book 2 
TID-8518(2). Superintendent of Documents, 


US Govt Printing Office, Washington 25, DC. 
86 pp. $1.25. 


A Visit With ‘500’ Die-cast Plants 


E A Day. American Charcoal Co, 201 §S 
Green St, Detroit 17. 600 pp. $10. 


ABSTRACTS 
FROM THE LITERATURE 


Maxima, Minima Problems 


One of the most useful applications 
of the differential calculus is in the 
determination of maxima and minima, 
but in the solution of practical prob- 
lems the best approach is not always 
known. For example, it is not usually 
appreciated that partial differentiation 
(which is not as difficult as it sounds) 
may shorten the calculations. This 


continued on page 110 
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for 


MONEY’S-WORTH 


and 


SERVICE-WORTH 
specify 


UIA 
BAIL 


“The Engineered 
Mechanical Seal” 





the most complete line of 
mechanical seals marketed 
today. 


backed by 25 years of ex- 
perience in the field. 


simple in design — simple 
to install. 


provides perfect sealing— 
prevents loss of valuable 


fluids. 


designs allow for maxi- 
mum interchangeability of 
parts. 


backed by a national net- 
work of sales and service 
offices. 


standard parts stocked in 
Baton Rouge, La., Borger, 
and Houston, Texas, Kala- 
mazoo, Los Angeles, New- 
ark and St. Thomas, Ont. 


For information on types of 
Dura Seals to meet your 
sealing needs, write for 
copy of Catalog No. 480PG 


OW DO YOU MEASURE A MECHANICAL SEAL? 


DURAM LLIC 
CORPORATION 


KALAMAZOO, MICHIGAN 
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When it comes to floats. i DESIGN LITERATURE......... continued 


article discusses the best method of 
Z solving problems in maxima and min- 
la ima and evolves certain new principles. 
“Shortcuts to Maxima, Minima Problems,” by 


W H Sheppard. Design Engineering, Sep ‘60, 
481 University Ave, Toronto 2, Canada. 


Use of Computers by Small 
Companies 

Author attempts to cover various 
means of obtaining economical results 
with computers both on a service basis 
and through purchase and installation. 
“Use of Computers by Small Companies,” G 
A Wesley. Presented at 1960 Western Engi- 
neering Conference, American Society of Tool 


and Manufacturing Engineers, 10700 Puritan 
Ave, Detroit 38. 


Testing Structures for Elevated- 
temperature Service 

A description of the testing 
methods developed by the authors for 
various kinds of aircraft structures is 
given, together with their reasons for 
using these particular methods and 
equipment 


High tensile strength floats . . . spherical, elliptical, — Reahatones for sneer enestiene 
cylindrical . . . for buoyancy mediums, fluid chambers, tructures,"” Shaw and Stevenson, Douglas Air- 
’ . - 3 F : craft Co. SAE paper 2288, 485 Lexington Ave, 
pressure vessels . . . and for every mechanism or process New York 17 

requiring floats. Working pressures up to 2500 Ibs. 
Float halves die-formed . . . not spun, laminated or 
electro-deposited. Walls are thus uniformly thick 


Seams all butt-welded. CATALOGS 
Steel floats: chromium, cadmium or copper plated. Also unplated, AND BULLETINS 


with sandblast or pickled finish. 

Yas sce Sige } > ae sacha. To obtain copies of literature described be- 
Stainless Steel and Monel floats: rough buffed, polished or with vedlagges om Rages de dhe nen ge Knee yp Beg 
smooth, highly finished welds. For more details, mail this coupon. card inside back cover. For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 115. 


COLOR-CODED PUSHBUTTONS — 
Bulletin 100-1-960, 8 pp. Available com- 
binations of seven colors for coding both 


This Coupon Brings You Informative 
Bulletin On Fioats buttons and ferrules in control units are 


hown. Describes and illustrates compo- 


Bulletin 753 contains facts on steel, stainless steel and monel floats, ‘ . 
nent parts of pushbutton, selector switch, 


information on float connections, tables showing weight, buoyancy and standard pilot light and push-to-test pilot 
collapsing pressure for spherical floats for all gauges .... also volume ry i Need cuales aie. -Ciuk 
and buoyancy data. Fill in and mail this coupon for your copy. are’ ler Co 1146 E 152nd St, Cleve 


land 10 
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UNIVERSAL JOINTS—Bulletin, 3 pp 
Company. Presents specifications of universal sockets 
and joints in 4- and #-in. drive sizes. Hague 
Mfg Co, 1643 Massillon Rd, Akron 12. 

Zone State Circle 351 on Reader Service Card 





Street___ 








W. H. NICHOLSON and COMPANY VARIABLE-SPEED DRIVES — Bulletin 
12 Oregon St., Wilkes-Barre, Pa. 551, 8 pp. ‘Tabulates hp and speed 


ranges to select proper drive for applica- 
tions with increased torque at high or low 


ic ei oO LSo t¥ speeds. Explains in diagrams and formulae 


how variable speeds are obtained. Graham 
of Wilkes-Barre l'ransmissions Inc, Menomonee Falls, Wis. 


Circle 352 on Reader Service Card 
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COLD-HEADED FASTENERS — Bail 
tin S-100, 4 pp. Pictures sizes available in 
job-designed rivets, nails, threaded parts 
and double-headed part Discusses mat 
rials savings and structural strength result 
ing from cold-heading. John Hassall In 
Box SF. Westbury. NY 

Circle 353 on Reader Service Card 


TEFLON SPHERICAL BEARINGS 
Catalog 46 + pp l'abulates dimension 
ind dynamic-load ratings of three illus 
trated seri Charts average bearing lif« 
Radial Bearing ¢ orp, Taylor St, Danbury 
Conn 

Circle 354 on Reader Service Card 


LEAD FOR SOUND INSULATION 
eport 12 pp I'reats advan 

ng lead to block sound. Calcu 

frect t idding heet lea 

partition Lead Industries A 

)2 Madison Ave, New York 17 
Circle 355 on Reader Service Card 


SERVOSYSTEM COMPONENTS—Ca! 
ilog 7 30 pp. List pecihcations an 


ic and d 


rplus Di rod 
1086 Goffle Rd, Hawthorn N] 
Circle 356 on Reader Service Card 


INDUSTRIAL WIRE CLOTH-—B 
pp. Illustrates 12 types and 
Defines term most freq itly ed 
pecifying wir loth. Cambridge Wu 
Cloth Co Cambridgs Md 

Circle 357 on Reader Service Card 


GAS TURBINES—Bullctin GED 
Graphically presents data on oper 
ting nditions, duct losses and torqui 
tput of two mod Discusses and illus 
trates applications in emergency generator 
hydrofoil boats, gas-line pumping 


nued on page 





VAR 


ASTRO MAG 


PUSH TO SYNC 


VAR 


ASTRO MAG 


PUSH. TO SYNC 


* 
VAR 


ASTRO MAG 


PUSH TO SYNC 


VAR 


ASTRO MAG 


PUSH 70 SYNC 


the shape of things to come 


_— 


RADIUM 


united states radium corporation 


MORR 


| 
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PARAMOUNT 
Die Castings 
AT WORK 


No. 5 of a Series 


Control 
Two 
Independent 


Circuits 


With Only ’ RCA-Whirlpool Imperial Mark XI! Automatic Washer 
ONE Gear Case Cover PARAMOUNT— @ major supplier 


of die castings to Whirlpool Corpora- 


PRESSURE tion for 15 years 


CONTROL world, quality which stems from the rigid qu 


rds whi 


Paramount's engine f 
sistently meet Whirlp y0l's exact 
The Type J75A Dual Switch Pressure Control is a for the RCA-Whirlpool Imper 
unit that has become increasingly popular because why Paramount has consistent 
of its many unique features. This control contains for 1D year 
two completely separate switches that operate It Will Pay You To Look to Paramount... 
independently of each other, controlling two in- , a ' : ane ; 
“ - - ger 2 If your product incorporates die castings or you're consider 
dependent circuits with extreme flexibility of switch ihom—invedinnte Paramectl’s complete. corvicte 
arrangement. Pressure settings are individually made Shene aneihader Whtudi<sbien ts Ot, detent Hlth. enn th Sor 
by independent adjustment screws that are easily 


accessible SEND For “Designing for Die Casting 


Adjustable Ranges ...j| Various ranges between O and PA R A M 0 U N T Die Casting Co. 


250 psi. ST. JOSEPH, MICHIGAN 


Switch Differential . . .| Approximately 5 to 10 psi dependent CIRCLE 206 ON READER SERVICE CARD 
on model. 


To 15 amps. at 1150r250 volts A.C. 
Also available are 20 amps. A.C. In Checking Surface Roughness 


D.C. switches also available. 


Normally Open, Normally Closed YOU CAN’T ALWAYS 


or Double Throw — no neutral 


position. BELIEVE 


Pressure settings individually made , 

by independent adjustment screws , 

located o top of switch bracket. YOUR SENSES! 
Switches may be set together to 

simulate double pole circuitry or 

set apart to obtain independent 

operation. 




















Maximum Pressure . . . | 350 psi. 
Electrical Connections. .| Lead wires attached to screw type 


terminals on switches. 
Pressure Connection . . | Via a 44” male NPT connection. 


Via pressure connection. In judging microinch roughness by eye or by “feel,” 
sometimes you'll get the right answer, and sometimes 
not. You can never be SURE; for the “confusion factors” 
UNITED ELECTRIC manufactures a complete line of are many, and the brain misinterprets what the senses 
temperature, pressure, and vacuum controls. For report — the same as with optical illusions 

ra eS oe Sa anon a On catinwton That's one reason why industry depends ona confu- 
engineer for recommendations. Complete data is sion-proof shop instrument—the PROFILOMETER®— 
available for the J75A as well as for all standard when dependable roughness measurements are required. 
UE controls. FREE BULLETIN LT1 shows why surfaces that look 
alike, or feel alike, often differ in roughness by several 
hundred percent. Write for it! You'll be interested, 
and perhaps surprised. 


Inte Eee Cantal TAF wre no mereica 


4; ei MANUFACTURING COMPANY 














. | Brass or monel. 








ER 


3621 S. STATE RD. ANN ARBOR 5, MICHIGAN 
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DESIGN LITERATURE continued 


stations, oilwell fracturing units and off 
highway vehicles. General Electric Ci 


Schenectady 5, NY 
Circle 358 on Reader Service Card 


SUBMINIATURE TRIMMING PO 
FENTIOMETERS—Folder, 4 pp. Out 
lines functions, specifications and capacitic 
of eight types. Provides typical installation 
drawings. Schweber Electronics, 60 Her 
ricks Rd Mineola, NY 

Circle 359 on Reader Service Card 


NICKEL-COATED TUBULAR STEELS 
Brochure, 8 pp. Discusses advantages of 
nickel-alloy-bonded steel pipe and tubing 
in combatting corrosion and iron contami 
nation Test-data_ chart ites ating 
osion-resistance under varying tempera 
Nickel-Over-Steel Div, M L Shel 

Co Inc, 350 Lexington Ave, New 

l¢ 

Circle 360 on Reader Service Card 


CAST-TOOTH SPROCKETS — Book! 
ers arm-center 


ind split-tim 


hain numb 
ren d t +5 pI rc] 
Dept PR, Prudential Plaza 


Circle 361 on Reader Service Card 


LINEAR, ANGULAR ACCELEROMI 


rERS—Bulletin B-4, 4 pp. Describes and 


rat line type 


E] tric ( Schenectad\ 
Circle 363 on Reader Service Card 


STAINLESS STEEL SLEEVES—S 
t DD WET © tvr 
2 pp er ty} 


Vollrath ( 


Y: 


ind pri 


Circle 364 on Reader Service Card 


TEMPERATURE CONTROL—Bulletin 
] 2 pp. Discu peratior ndi 
lifferential-expansion-typ 


Includes phot ind dimensiot 


I 


of 


ind tabulates standard rang: tubs 
ind performance. Burling Instrument Ci 
Inc, 16 River Rd, Chatham, NY 

Circle 365 on Reader Service Card 


nued on page 
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EASY INSTALLATION 





and accurate control of concentricity 


2’-—-2'2"-3' sizes 
with FLANGE 
CONNECTIONS 


HERE is the rotary joint by Barco that gives you 

everything you want in design and performance 

EASY INSTALLATION —Only an end wrench is 
required to draw up or loosen four nuts on the 
mounting flange studs for installation or easy 
removal of joint. 

TIGHT SEAL —No pipe thread dope required for 
sealing. End of rotating sleeve seats against soft 
metal gasket. 


CONTROLLED CONCENTRICITY — NO rotating 
“wobble”. Accurate pilot diameter on sleeve 
establishes and holds concentricity 

WIDE SPACED BEARINGS — Two, instead of 
one ... increased bearing area. No lubrication 
required. Lowest friction, Bearings heat shrunk 
in place under compression for greater strength 

RESISTS SEAL RING BREAKAGE — The spher- 
ical seal ring is under compressive, not tensile, 
loading. Self-adjusting for wear. Seal withstands 
shock loads and alternating hot and cold service 

200 P.S.1. STEAM RATING—Super duty per- 
formance at no extra cost. Suitable for either 
single flow or syphon flow service... one basic seal 
for steam, air, water, oil, gas. For temperatures 
to 450°F. or up to 600°F. under certain conditions 

ENGINEERING RECOMMENDATIONS — Barco 
will be glad to furnish you with detailed infor- 
mation, including dimensions and specifications 


for flanges. ASK FOR CATALOG SHEET 331. 


NEW 
BARCO 


TYPE CF 
Rotary 
Joint 


Wie 


PROCESS 
PLANTS 


MIXERS, MILLS, 
DRYERS, DRUMS, 
CALENDERS 


FOUNDED 1909 


BARCO MANUFACTURING CO. 
527N Hough Street e Barrington, Illinois 





The Only Truly Complete Line of Flexible Ball, Swivel, Swing and Rotatir 


In Canada: The Holden Co., Ltd., Montreal 


cw 
Ow a 
'S Bac KED BY exre® 
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_ Calculate wherever you circulate 


with the 


one-half actual size 


Functional as it is, a 10-inch slide rule just wasn’t 
meant for stuffing in the pocket of a business suit. 
Just as the 10-inch is best for desk-duty, the 5-inch 
JET-LOG Jr. is ideal for the man on the go. Has 


y- SLIDE RULE BY K&E 


& 
NEW fetlosy 


o 


ct 


Clips neatly onto your pocket. 
Look for this display carton. 
(A wonderful gift item, too!) 


the same famed Decitrig Scale System as its “big 


brothers”; 


leather case, clip, and... 


the DECITRIG® and JET-LOG Slide 
Rules. Made of durable IVORITE® with top grain 


only 


$10.25 


UNCONDITIONAL LIFETIME GUARANTEE 


KEUFFEL & ESSER Co. 


New York + Hoboken, N. J. + Detroit - Chicago + Milwaukee - 


THe TECHNIC 


Precious Metals 


PLATING 


RESEARCH CENTER 


A pilot plant which offers laboratory 
controls under production conditions 
is available to industry without charge. 


Technicinc °s: 


St. Louis + Dallas - 
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This unique facility is designed 
to solve plating problems 

or develop specialized plating 
methods ... and may be used 
for investigating 

both still and barrel 

plating processes. 


The line may be operated by any 
plater or engineer, 
by our own technical staff 


or by a team of both. 


It is designed to eliminate 
difficulty, time, and expense in 
translating laboratory 
findings 

to practical production. 





P.O.Box 965 Providence 1 R.I.¢ 7001 N.Clark St. Chicago 22 Iil 


| formulating and testing 


Denver - San Francisco + Los Angeles + Seattle « Montreal | 


nued 
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POWER SOURCES AND CONVER 
SION —Catalog Reviews char 
ind spec solid-state 
transistor 


6Ua, © pp 


acteristics ihcations of 


sine-wave inverters; low-voltage 


regulated, high-voltage fully transistorized 


and modular transistor-regulated power 
supplies; an 


Power 


| five solid-state power con 


verte! Sources In Burlington 


Mass 
Circle 366 on Reader Service Card 


MINIATURE 
1060, 2 pp 
and nuts as small as 0000-160 and round 
hers in 000 to 2 sizes. J I Morris Ce 
14 Elm St, Southbridge, Mass 


Circle 367 on Reader Service Card 


Pri € 


THREADS list 
Gives prices of stock screw 


CONSULTANT 
role of 
oatings for manu 
Snell In 


Booklet, 


onsultant in 


COATINGS 


pp Dise isses 


facturers and users. Foster D 
Z W 15th St, New York 11 
Circle 368 on Reader Service Card 


CORDS 


strength 


INDUSTRIAL 


Catalog, 8 pp 
olors, ratings of 
otton, polyethylen« 
rgla rds and threads. Sunset 


vine Co. PO Box 691, Petaluma 


} 
ron, unen, 
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CONNECTORS—Bulle 


Illustrates and gives sp 


ELECTRICAI 
tin BS] 


f iti 


} pp 


ons and suggested applications for 
connectors. Joy 


Div, 120] 


ind custom-built 
Mfg Co, Electrical Products 
Macklind Ave, St Louis 10 

Circle 370 on Reader Service Card 


tandard 


HOSE GUIDE 


Bulletin 627, 12 pp 


| Alphabetically lists 112 liquids and gases 


styles as excellent 
for use 
temperaturt 


ind indicates hose 


good, conditional or unsatisfactory 
vith those 
ind size limits of hose types ar 
Aeroquip Corp, Jackson, Mich 
Circle 371 on Reader Service Card 


agents. Pressure, 


5S 


harted 


ROLLS — Bulletin 
Cutaway drawings depict stand 
fabricated 


stainl 


STRIP-HANDLING 
601, 4 pp 


designs available in steel] 
n, cast alloy, ductile 
r bimetal 


ber or plasti 


Iron, 
onstruction which can be 
covered or chrome-plated 
use of self-centering rolls in ove 
tracking problems Barclay Ma 
784 Euclid St, Salem, Ohio 


Circle 372 on Reader Service Card 


OIL BYPASS RELIEF VALVES—Cata 
log upplement, 4 pp. Gives specification 
f thre« with 
recommended uses for optional parts. Ful 
flo Specialties Co Inc, 440 Fancy St, 
Blanchester, Ohio 


standard models, along 


Plant: Cranston, R.|. STuart 1-6100 Circle 373 on Reader Service Card 
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this 
much 
abrasive 
metal... 


can 
destroy 
precision 
parts 


PROTECT 
YOUR 
PRODUCTS 
WITH 

LOW COST 


LISLE 


La GY 
A sit pe 
1 Y 


PLUGS 


lf your product has moving parts 
operating in a fluid, you can re- 
duce costly wear with Lisle Mag- 
netic Plugs. 

Ferrous metal particles in a lubri- 
cant are a major cause of wear. 
The Lisle Magnetic Plug removes 
these particles from the lubricant 
—assures longer, quieter oper- 
ation of the products you make. 


Lisle Magnetic Plugs can be used 
in place of any ordinary drain or 
fill plug. 


FREE Samples for Testing in 


Your Product! 


PORATION 
inda, lowa 
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HIGH-SENSITIVITY SWITCH—Data 
sheet 180, 2 pp. Covers mounting dimen 
sions, operating characteristics and ele 
switch for 
close control sensitivity or response. Micro 
Switch, Div of Minneapolis-Honeywell 
Regulator Co, Freeport, Ill 

Circle 374 on Reader Service Card 


trical rating of subminiature 


CONTACTORS AND STARTERS FOR 
LOW HP USE—Bulletin GEA-7304, 4 
pp. Describes and depicts construction 
of Size 00 dev 


conveyors and smal 


features ice for fans, blowers 


pump motors w ith 
| 


up to 2 hp, 5 v. General Electric Co, 
Schenectady 5 


Circle 375 on Reader Service Card 


direc 


RESEARCH 
tory, 280 pp 


FACILITIES—1960 
Lists more than 1000 com 
mercial and private industrial research and 
testing labs in New York state; their special 
helds; 
number of 


research executives’ names; and 
scientists and engineers em- 
New York State Dept of Com 
112 State St, Albany 7, NY 


Circle 376 on Reader Service Card 


ploye d 


mecrce, 


RECORDERS, INDICATORS—Catalog 
Cl5-la, 48 pp. Gives design and construc 
tion features, options and specifications of 
strip and circular chart recorders and pre 
indicators. Also di 
Schematics 


measuring circuits 


Cision scusses mcasnr 


ing elements show _ basic 
Minneapolis-Honey 

ll Regulator Co, Industrial Div, Wayne 
& Windrim Aves, Philadelphia 44 
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LETTERHEAD REQUESTS ONLY 
lanufacturers who published follo 
terature asked that requests for copies 


made on company letterheads 


DIGITAI 
SYSTEMS 


usses proper 


SPEED-MEASUREMENT 


Bulletin 2000, 6 pp. Dis 
PI 


operation of 


photo electri 


selection and 


magnetic and 


pickup 


electronic tachometers and in-line read 


outs, built to withstand moisture, t mpera 


ture and vibration problems. Provides 


spc ications for both explosion and non 


continued on page |! 
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ONE INCH THICK 


7075-T6 ALUMINUM PLATE FOR A 


SEAMLESS 
MISSILE SECTION 


Thicknesses up to 2” and diameters up 


to 170° are readily PHOENIXSPUN 
from high strength aluminum alloys, 
titanium, and exotic metals. Tolerances 
are accurately 
maintained with this radically new and 


of plus or minus .005 
exclusive, heavy duty, powerspinning 
equipment. 

A wide range of conventional spinning 
requirements can also be produced 
economically by the various PHOENIX 
Metal Processing methods 

If your metal forming project involves 
outer space, electronic, nuclear or gen- 
eral industrial products contact us at 
once. To completely convince yourself, 
why not investigate the 

scope of our service 

by a personal visit to 

our plant? 


Write for information 
and new brochure. 





PHOENIXSPUN 
METAL PROCESSING 
PHOENIX PRODUCTS COMPANY 
4757 North 27th Street Milwaukee 9, Wis 
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NEW Complete... PAULINA 
Welding Facilities 


ULTRA-HIGH PRECISION 




















Immediate delivery from stock 


e .0002 Maximum Composite Error 
@ 20 Pitch and Finer 
1412° and 20° Pressure Angles 
Hardened and Ground Tool Steel 


CCI) SPLINE, INC. 


P. O. BOX 25 





HAZEL PARK, MICH 


PHONE Slocum 7-8840 SEND FOR STOCK LIST 
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SELF-TAPPING’ 


PROBLEMS 
Rosemount Engineering Company announces the in- ' SET SCREW 
stallation of a 36” chamber Electron Beam Welder in its - ally f In’ 
Welding Department. REC’s certified welding facilities actu jtse! 
include: « pylls 
e Electron Beam Welding—from .003” foil to .500” plate a . 
—including exotic metals such as beryllium, molyb- © Eliminates tapping problem! 
denum, tungsten and zirconium © Increases product reliability! 
e Tungsten Inert Gas Welding e : | 
e Metal Inert Gas Welding Cutting Cuts production cost! 
e Aircomatic Gun—permits rapid deposits of wire for dge ; You can completely elim- 
distortion control : inate the tapping problem 
e Stake Seamer—for controlled arc penetration and ; py ; ; while increasing product 
accurate positioning of parts / tapped i reliability with Setko Se/f- 
WELDING SERVICE AVAILABLE—REC’s welding engi- tole me Tapping Set Screws! Ex- 
neers provide consultation and establish welding pro- Note how three-groovedcuttingedges fy “!USive, tool-sharp, cutting 
cedures for difficult problems on an R and D basis. REC's give full cutting tooth for easy ‘‘pulls edges, located on the 
welding facilities are available for production work on an hy ma - +73 - tight, lower threads of the 
hourly or piece basis. Write, wire or call if we can be of : screw, actually cause the 
service on jobs requiring broad R and D or production . screw to “pull itself in 
experience. — Shavings are gathered into the oversize slots... 
Holds securely even under extremes of vibration. 
You'll find they serve equally well to clean out 
painted holes or as reaming screws. Can be reapplied 
many times without loss of cutting or holding ability. 


ROSEMOU NT SEND FOR FREE TEST SAMPLES TODAY... 


Tell us your requirements and we'll forward full 
information and recommendations, along 


bh ifn EERI NG with your samples, free of charge. 
2 et *Patent pending 


COMPANY i Maty co. 


153 Main Street, Bartlett, Iilinois 





4900 We3t 78th Street « Minneapolis 24, Minnesota M 
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solve your 
insulation and 


Stoner’s SMR has broken through 
the thermal sealant barrier that 
has faced the missile and rocket 
industry for many years 

The varied shapes and forms that 
this versatile material has taken 
includes: chamber sealants; liners; 
insulation for head closures; high 
temperature insulation; prefab- 
ricated proofed sleeves and 
bladders, as well as other 
critical applications for rocket 
components 

SMR is also being used to advan- 
tage in plastic molding compounds 
and pre-preged laminates. 

*SMR is a special Silicone Modified 


Rubber produced by Stoner Rubber 
Company, inc. 


Photo of Rocket Chamber courtesy of 
Aerojet-General Corporation 








SMR PROVIDES A TOUGH 
THERMAL LINER AND 
RELIABLE SEALANT FOR 
MISSILE ANO ROCKET 
CHAMBERS. This unique 
rubber has exceptional 
high bond strength at 
elevated temperatures 


FREE IDEA CATALOG. 
Technical information on 
SMR and other Stoner 
products in this 24 page 
catalog will help you 
solve your rubber 
problems 


A subsidiary of 
CARLISLE CORPORATION \. « 


TONER RUBBER 
COMPANY, INC. 


10792 Knott Ave. Anaheim, California 
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DESIGN LITERATURE 


explosion proof models. Meriam 
ment Co, Electronic Div, 10920 Madison 


Ave, Cleveland 2 


ADHESIVES, COATINGS, SEALERS 

Catalog A-ZBD-102-JR, 8 pp. Foldout 
tables review uses, characteristics and gen 
eral properties of over 170 adhesives, coat 
ings and sealers. Cross-reference index 
lists 200 applications. Minnesota Mining 
ind Mfg Co, 900 Bush Ave, St Paul 6 





FOR MORE CATALOGS 
AND BULLETINS 

‘1600’ of 
of Product Engineering's 
1960 Digest here 
will find helpful design literature 
different head 
ings, from important manufacturers 


youl 


Mid-Sep 


em—Ssce Opy 


Design you 


lassified under 10 


ind suppliers of components, mate 


rials, power and control systems, 


manufacturing processes 











REPRINTS 


Reprints currently available without charg« 
on the Reader Card 
this ISSUE Singk opy tree; 


I 
quantity prices on request 


are listed Service 


bound in 


Vhe following special reports are 
able as the 
Reader Service Dept., 
330 W 42nd St, 


nicl ren 
enciose remittance 


long as supply lasts, 
Engineer 


York 


rder; 


-roduct 
New 


with « 


ing, 
Please 
pay postage 

R48—Reinforced Plastic Parts 
Combined reprints of 11 articles 
data the 
ommercial parts, 64 pp 


desgn on seven processes 


R69—Human Engineering 
series of 
man-machine problems, plus bibliography 


+4 pp 5 


14 articles with design data on 


KB 


R77—The New Mathematics 
Combined reprint of 18 articles 
late st 


6+ pp 


on the 


math tools of systems engineering, 


R76—Creativity 
Combined reprint of | 

facts behind the fad. 32 

R66—The European Engineer Talks 

Che challenge to American proficiency in 
design for production disclosed by inter 
views with technical directors in six coun 
tries, 24 pp $1] 


continued on page 119 





SHOWS HOW 
V-RINGS WEAR 


S$. 
> cas . 
NORTH WALES, PA 


117 


CIRCLE 117 ON READER SERVICE CARD 


‘www LATEST RESEARCH 


ad 


b 
C0. 





ALL-POSITION 


(CHECK VALVE 


METAL POPPET 


For steam, hot 
or cold water, 
oil, gas, and 
compounds. 


Designed for rugged service. Also 

available with Buna rubber poppets for 

use with air or cold water. Sensitive in 

operation. Work in any position. Made 

in seven sizes, 200 lbs. pressure. We 
will design special Check 
Valves; tell us your 
needs. Write for Bulle- 
tin 201 and prices. 


PRODUCTS, 


INDIANA 


STRATAFLO 


FORT WAYNE 
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CAN BE 
READ FROM 


Series 10000 


firms throughout 
the world in just a 
few years prove 
unprecedented 
acceptance of 
IEE digital 
readouts. 


PRICE 
COMPLETE 


J 8” 


QUANTITY PRICES 
ON REQUEST 


Binary-To-Decimal WRITE TODAY FOR 
Decoders Available. compLete SPECIFICATIONS 


Representatives in principal cities 
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INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 











After reading the advertisements classified below 


these products can 


A 


Adhesives 

Aluminum Alloys 

Aluminum Coated Sheet & Strip 
Steel, Coated) 


90, 119 
88 


(see 


Bearings 
Ball 
Needle 
Roller 

Belts, V 

Brass ; 

Brazing .. 

Brazing 
Alloys 


4th Cover, 


c 


Carbide Alloys 
Castings 
Castings, Precision 
Ceramics 
Chains 
Roller 
Clips . 
Clutches 
Mechanical 
Computers 
Connectors 
Electrical 
Hose 
Tube . ‘ 
Contacts & Contact Materials 
Control! Panels & Switchboards. 
Controls 
Electrical 
Hydraulic 
Pneumatic 
Cork Compositions 
Couplings 
Hose 
Mechanical 
Tube 
Cylinders 
Hydraulic 
Pneumatic 


‘ 62-63, 
Investment.. : 


42-43, 


Deep Drawing 
Diaphragms . : 
Die Castings , 10, 
Differentials . 
Digital Displays 42-43, ill, 
Drafting 
Instruments 
Supplies 
Drives 
Mechanical $0 


11 
118 


-61, 114 


E 
Electrochemical Finishes & Treat 
ments .. 
Engineerin 
duction 
Engines 
Extrusions 
Metallic .. 
Nonmetallic 


wien 114 
Services ‘(see also Pro- 
ervices) i116 


. 56-57 


101 
101 


Fastening Methods .. 27, 64, 94, 
Film, Plastic 

Fittings, Hose, 

Floats . 
Forgings ose ‘ 
Furniture, Engrg. Dept 


G 


Gaskets 
Gears 


Instruments 
Mechanical 
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Joints 
Ball 
Swing & Swivel 


L 


Lamps, Indicator . 
Laminated Plastics (see Plastics, 
Laminated) 


Moldings 
Plastics (see Plastic Parts) 
Powdered Metal (see Powdered 
Metal Parts) 
Rubber (see Rubber Parts) 
Motors, A-C 
Fractional 
Integral 
Motors, D-C 
Fractional 
Integral 
Motors, Hydraulic 


Nickel Alloys . 


Packings 

Pencils 

Pins 

Piastic Parts 

Plastics 

Plastics Laminated 

Plugs . , 

Powdered Metal Parts 54-55, 

Production Services (see also Engi- 
neering Services) ‘ 

Pumps 
Liquid 


22-23, 33-36, 


100, 


R 
Reproduction Supplies 
Resins 33- $6 
Revolving Joints (see Joints, Swing & 

Swivel) 

Rings 
Rubber 
Rubber 


97 


Parts 


S 

Screws 
Seals 2nd Cover, 
Servomechanism Components 
Silicone Rubber 
Speed increasers & Reducers 
Spinning ‘ 
Sprockets 
Steel 

Alloy 

Coated 

Carbon 

Stainiess 

Tool 


30, 109, 


T 

Tantalum & Tantalum Alloys 
Titanium .... 
Tools ‘ ° 
Tracing Paper coee 
Tube pevtensery 
Tubes 
Tubing 

Seamless 

Welded . 
Tungsten Carbide 


Vv 


3rd Cover, 38, 59, 
.3rd Cover, 98, 
-3rd Cover, 


Valves 
Air : ° 
Hydraulic 
Solenoid 


Ww 


Wire Cloth 
Wiring Devices 
Wood Gomponents 
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No. 20 of a series 


Eastman 910 Adhesive 
solves another 
production bottleneck 


Sonotone Corporation, of Elmsford, 
N.Y., recently introduced its new Model 
“66” hearing aid. An all-transistor, 
self-powered unit, the instrument can 
amplify input sound intensity 10,000 
times, is no larger than a lump of sugar, 
weighs no more than a half-dollar. 

More than 150 components are 
packed into this outstanding example 
of miniaturization. 

In assembling the hearing aid, Sono- 
tone uses fast-setting, high-strength 
Eastman 910 Adhesive in more than a 
dozen joints involving a variety of 
materials: plastics, rubber and metal 

A thin, clear liquid, the adhesive 
flows into crevices without stringing or 
balling, sets in seconds with contact 
pressure. Assembly procedures are sim- 
plified. Critical space is conserved 

Eastman 910 Adhesive is making 
possible faster, more economical as- 
sembly-line operations and new design 
approaches. It is ideal where extreme 
speed of setting is important, or where 
design requirements involve joining 
small surfaces, complex mechanical 
fasteners or heat-sensitive elements 

Eastman 910 Adhesive is used as it 
comes. No mixing, no heating. Simply 
spread the adhesive into a thin film 
between two surfaces. Light manual 
pressure triggers setting. With most 
materials strong bonds are made 
within minutes. 

What production or design problems 
can this unique adhesive solve for you? 


Bonds Almost Instantly 
with Contact Pressure 
No Heat... 

No Catalyst... 


For a trial quantity (%-0z.) send five 
dollars to Armstrong Cork Co., Industrial 
Adhesives Div., 9112 Irvin Street, Lan 
caster, Pa., or to Eastman Chemical 
Products, Inc., Chemicals Div., Dept. P-12, 
Kingsport, Tenn. (Not for drug use) 


See Sweet's 1960 Prod. Des. File, 7/E 
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REPRINTS 


R16—Plate Cam Design 
Series of 7 articles with complete design 
data; curve blending and profile synthesis 


to reduce inertia, 48 pp $1 


R65—Reading, Writing, Reporting 
Combined reprint of: 5 
reading: 8 steps to better writing 
to better reporting, 24 pp $1 


faster 
7 ste ps 


steps to 


R46—Manual of Reliability 

How to design for reliability, human fa 
tors, statistical tools; implementing the 
program, 32 pp 50¢ 
R41—Design by Digital Computers 
How to choose and operate desk-size prob 
lem solvers 50¢ 


R22—Engineering Organization 

Study of 50 companies shows changes in 
large and small companies, 24 pp 25¢ 
R21—Engineer’s Bookshelf 

\nnotated bibliography of technical books 
for the design engineer, 24 pp 254 
R75—Radiant Cooling 

Design techniques and new data 
R74—Right-angle Gears 

Guide to 16 available types 

R73—Digital Readouts 

How they work; how to choose one 
R72—Spring Tolerances 

When standard tolerances won’t do 
R71—How to Design Nomographs 
Simple step-by-step guide 
R68—Encapsulating Systems 

Comparison of basic systems 


R67—Heat Protectors for Motors 
Response and accuracy of all types 


R62—High-speed Photography 
How it can solve design and test prob 
lems, 12 pp 


R53—Significance of WK° 
Selecting Motors for high inertia loads. 25¢ 








Have 


rale if you were 


you ever co 
design a machine to 


repiace jy urself 


' ; 
nsidevred the advantage to 


1. Sturgis, Michigan 
In heart of metal working industry. 
Seven large truck line terminals. 

New York Central and 
Pennsylvania Railroads. 


2. Haleyville, Alabama 


Convenient to Birmingham. 
On U.S. Highway 278. 
Southern and Illinois Central Railroads. 


STEEL TUBING 


Manufactured by 
electric welding to your 
needs. Sizes %" to 
3”0.D. 20 to 10 gauge. 
Round or square. 





TEMPLATE-TRUE 

TUBE FORMING 
TO YOUR 

SPECIFICATIONS 


Steel, copper, brass, bronze 

aluminum or stainless tubing 

fabricated to your specifications. 

Sizes %" to 6” OD, 20 to 10 gauge. 

_ Thirty-four years of experience in 
forming, welding, beading, bending, 
stamping of formed tubes. 

Top-flight engineering service. 

Write, wire or phone for booklet or quotation. 


Formed Tubes, Inc. 
607 Prairie Street, Sturgis, Michigan 


Formed 
Tubes, INC. 
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; EMPLOYMENT 
—" OPPORTUNITIES 
R O O M DISPLAYED RATE 


The advertising rate is $37.00 per inch 
for all advertising appearing on other 


than contract basis Frequency rates 
HE quoted on request 


UNDISPLAYED RATE 


TOP ton “Wanted “adn In this tye th 
WITH . 
INGERSOLL-RAND ENGINEER 


PRODUCTION WELDING 


Desire man with experience in material handling 


average words to a line 











Some background in welding and/or metallurgy 


7 desirable but not essential Job ld Ive 
The challenging needs of American industry to cut costs and pee gee eee iy vr Pom nity Magers 
quality control and methods evaluation for pro 


improve quality provide unlimited opportunities for creative design 1] ducer of continusus welded rail welng the olectric 

of portable tools and automation machinery. Ingersoll-Rand, a flash-butt method. Some traveling involved 0 

leading manufacturer of tools has ‘‘room at the top”’ for experienced |] castonally with headquarters in Chicago area 
Opportunity for growth in new industry with grow 

design engineers. These positions offer a challenge to men with cn tetitiin Peedi valk elt dete tenet 

initiative, imagination and creativity. Financial growth potential experience and salary desired, in first letter 

is excellent for designers who want to stay with creative engineer P-5685 

ing and be free of administrative details. You will enjoy a liberal N. M 

salary, good pension plan and other attractive benefits such as 

a new expanded plant with a new engineering building and 

laboratory. What's more, home and family life is ideal in quiet DESIGN ENGINEER 

rural, northern Pennsylvania with golfing, hunting and fishing At least 6 years experience in Design Engineeri 

yet accessible to metropolitan cities “Naren yy Benny Benemt —_— a 

For a personal interview, write or phone Mr. C. P. Irwin, Ingersoll 

Rand Company, 101 N. Main Street, Athens, Pa GENERAL ELECTRIC COMPANY 


Vacuum Cleaner Dept 
1734 Ivanhoe Rd Cleveland 10, Ohi« 

















The Maharajah of Mygosh, 
one of the world’s wealthiest men, 
reads while riding an elephant. 


“It gives my brain a real jog,” he says. But 
elephants are expensive, and eat a lot. Be- 
sides, ali that your engineers and managers 
really need, to do more business reading, is 
an encouraging word from you. Remember, 
a good place to read is a good place to think 
... and if you pay engineers and managers 
to think, encourage them to do more read- 
ing. Like so many successful men who read 
their “most useful’ McGraw-Hill publica- 
tions, they’ll find the best place ... home or 
plant, office or hammock. But wherever they 
read, remember, you share in the rewards.* 











* Yes, when they read, you profit, too. 

Write on your business letterhead for a personal 
copy of booklet, “The MeGraw-Hill Engineered 
Reading Program.” 
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in any metal.--terrous or non-ferrous, including magnesium 
in any quantity--production or prototype 


Arwood’s casting facilities enable us to cast parts that 

range from a fraction of an ounce up to 100 pounds 

You now have a single source for small and large 

castings. It’s just another good reason for doing 

business with Arwood. 

¢ Five production plants throughout the country. 

e Complete design, tooling and metallurgical research 
facilities. 

e Eighteen years’ experience in casting all the metals 
and alloys that can be poured into a mold — includ 
ing everything from magnesium right through to 


Machine the simple... cast the complex 
A complete service from design through t 


production and finish machining 
engineering representatives from coast tc 


ARWOOD CORPORATION - 


stainless steel and difficult-to-machine superalloys. 
A time-tested record for reliability in meeting quoted 
prices and scheduled deliveries. 
e Seventy-one trained engineering representatives 
coast to coast. 
So ... when the specifications call for an investment 
casting, you'll find that it pays to get a quote from 
Arwood. 
Like to know more about investment casting? Send 
for our 44-page ‘‘Practical Guide to Investment 
Casting.” It’s yours for the asking 


325 West 44th Street, New York 36, New York 


PLANTS IN BROOKLYN, N. Y.; TILTON, N. H.; GROTON, CONN.; LOS ANGELES AND LA VERNE, CALIF. 
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Size for Size... 

New ASCO Midget 3 Way 
Solenoid Valve 

provides 


LNWATCHED ERS| RETURN 
NMATCHED FAST RETURN 
\ IGHED FAST RETURN 


IA\SSARAAN 


Of Cylinders and Diaphragms 


INTEGRAL OVERSIZE ORIFICE SPEEDS EXHAUST CYCLE... ELIMI- 
NATES SEPARATE QUICK VENT VALVE, 


New 3 way Bulletin 8317 with full 14” diameter exhaust or1- 
fice provides quick venting of pressure from cylinders and dia- 
phragms...assures the fastest cylinder or diaphragm return 
of any valve its size. It takes the place of larger, more ex- 
pensive valves... eliminates need for connecting a separate 
quick vent valve in the circuit to speed up the exhaust cycle 


This ASCO valve has only 2 moving parts, mounts in any 
position. Available in normally open, normally closed and 
universal construction... with general purpose, explosion 
proof or watertight solenoid enclosures in 14” pipe size... 
for pressures to 160 p.s.i.... for water to 100°F, air, gases 
and light hydraulic oil to 180°F. 

The Bulletin 8317 Valve is available immediately from stock. 
WRITE for catalog literature and for the new ASCO Stock 
List & Selection Guide listing the world’s largest stock of 
solenoid valves for immediate delivery. 


ASCO Valves 


Automatic Switch C6, 54-G HANOVER RD., FLORHAM PARK, NEW JERSEY, FRONTIER 7-4600 


AUTOMAT TRANSFER SWITCHES * SOLENOID VALVES « TR 
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Three new, low-cost TIMKEN bearings 
open new design opportunities 


ITH three new small size 

Timken® bearings, machine 
designers can now get the advan- 
tages of tapered roller bearings 
where they couldn’t be used before. 
These new, smaller bearings pack 
high capacity in less space, and 
they’re lower in cost. They permit 
more compact designs by keeping 
related parts smaller—provide ad- 
ditional savings in hub materials, 
seals, nuts and dust caps. 

Diagram above at left shows two 
of them in a typical layout of a 
front wheel hub for the Automotive 
Industry’s new compact cars. They’re 
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LM 11749—LM 11710 
Wt. .181 Ib. 


Wheel hub showing 
typical application 
of two new 

Timken bearings. 


the most economical single-row 
Timken bearings ever produced in 
bore sizes of 1%6", 1” and 1%". 
Diagram above at right shows prin- 
cipal dimensions and weights. 

Like all Timken bearings, these 
new Timken tapered roller bear- 
ings are geometrically designed and 
precision-made to roll true. Their 
taper lets them take both radial and 
thrust loads in any combination. 
And full-line contact between roll- 
ers and races provides extra load- 
carrying capacity. 

Our Sales Engineers will gladly 
give you complete data, help you 








L44649—L 44610 
Wt. .256 lb. 


ALSO 144643 
SAME AS ABOVE 
EXCEPT WITH 1°’ BORE 


Wt. .276 Ib. 


design the new bearings into your 
machines. Timken bearings make 
any machine better. When you buy 
Timken bearings you get... 1) Quality 
you can take for granted. 2) Service 
you can't get anywhere else. 3) The 
best-known name in bearings. 4) The 
pace setter in lower bearing costs. 
The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cable address: 
“TIMROSCO”. Makers of Tapered 
Roller Bearings, Fine Alloy Steel 
and Removable Rock Bits. Cana- 
dian Division: Canadian Timken, 
St. Thomas, Ontario. 


Industry rolls on 
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tapered roller bearings 
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